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Ƚɪɭɩɩɚ ɐɆ 13-05Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.03.01 
«Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ» (22.03.01.02 «Ɏɢɡɢɤɨ-ɯɢɦɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɰɟɫɫɨɜ»)  
                                                                       
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ⱦɢɧɚɦɢɱɟɫɤɨɟ 
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Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȼ.ɇ. Ʌɨɫɟɜ, ɩɪɨɮ., ɞ-ɪ ɯɢɦ. ɧɚɭɤ, ɋɎɍ ɂɐɆɢɆ 
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ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱦɢɧɚɦɢɱɟɫɤɨɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ 
ɤɪɟɦɧɟɡɟɦɚɦɢ» ɫɨɞɟɪɠɢɬ 50 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 9 ɪɢɫɭɧɤɨɜ, 4 
ɬɚɛɥɢɰɵ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
ɊȿȾɄɈɁȿɆȿɅɖɇɕȿ ɗɅȿɆȿɇɌɕ, ɋɈɊȻɐɂɈɇɇɈȿ 
ɄɈɇɐȿɇɌɊɂɊɈȼȺɇɂȿ, ɇȿɄɈȼȺɅȿɇɌɇɈ ɆɈȾɂɎɂɐɂɊɈȼȺɇɇɕɃ 
ɄɊȿɆɇȿɁȿɆ, ȺɊɋȿɇȺɁɈ III, ɆȺɋɋ-ɋɉȿɄɌɊɈɆȿɌɊɂə ɋ 
ɂɇȾɍɄɌɂȼɇɈ-ɋȼəɁȺɇɇɈɃ ɉɅȺɁɆɈɃ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɚ, ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɪɫɟɧɚɡɨ 
III, ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢ ɪɚɡɞɟɥɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɬ 
ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɫ 
ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (Ɇɋ-ɂɋɉ) ɨɩɪɟɞɟɥɟɧɢɟɦ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɫɢɧɬɟɡɢɪɨɜɚɧ ɫɨɪɛɟɧɬ ɞɥɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ ɢ ɚɪɫɟɧɚɡɨ III. ɉɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ. 
ɂɫɫɥɟɞɨɜɚɧɵ ɭɫɥɨɜɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
La(III), Nd(III), Sm(III), Gd(III), Ho(III), Er(III) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɨɝɨ 
ɫɨɪɛɟɧɬɚ. 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɫɨɪɛɰɢɨɧɧɨ-ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɨɩɪɟɞɟɥɟɧɢɹ 
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Ɋɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɵ (ɊɁɗ) ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ 
ɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ: ɦɟɬɚɥɥɭɪɝɢɹ, 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɚ, ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɟ, ɚɬɨɦɧɚɹ ɬɟɯɧɢɤɚ, 
ɯɢɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɵ ɨɬɧɨɫɹɬɫɹ ɤ 
ɪɚɫɫɟɹɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɩɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ, 
ɨɬɞɟɥɟɧɢɟ ɢɯ ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ 
ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɨɛɴɟɤɬɚɯ.  
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɫɨɪɛɰɢɨɧɧɵɣ. ɋɨɪɛɰɢɨɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ 
ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɵ ɧɚ ɧɟɛɨɥɶɲɨɣ ɦɚɫɫɟ ɫɨɪɛɟɧɬɚ ɢ ɨɬɞɟɥɢɬɶ ɢɯ ɨɬ 
ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɦɚɤɪɨɤɨɦɩɨɧɟɧɬɨɜ. ɋɪɟɞɢ ɫɨɪɛɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɨɤɫɢɞɨɜ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɤɪɟɦɧɟɡɟɦɵ, ɤɨɬɨɪɵɟ 
ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɬɚɤɢɦɢ ɤɚɤ: ɯɢɦɢɱɟɫɤɚɹ ɢ ɝɢɞɪɨɥɢɬɢɱɟɫɤɚɹ 
ɫɬɨɣɤɨɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɨɬɫɭɬɫɬɜɢɟ ɫɨɛɫɬɜɟɧɧɨɣ ɨɤɪɚɫɤɢ ɢ 
ɧɚɛɭɯɚɧɢɹ ɜ ɜɨɞɧɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ɇɟɤɨɜɚɥɟɧɬɧɵɣ ɫɩɨɫɨɛ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɤɪɟɦɧɟɡɟɦɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɨɪɛɟɧɬɵ ɫ ɩɪɚɤɬɢɱɟɫɤɢ 
ɥɸɛɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɤɫɢɱɧɵɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 
ɪɟɚɝɟɧɬɚ ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɤɪɟɦɧɟɡɟɦɚ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɚɪɫɟɧɚɡɨ III. Ⱥɪɫɟɧɚɡɨ III – ɷɬɨ ɢɡɜɟɫɬɧɵɣ ɪɟɚɝɟɧɬ, ɨɛɪɚɡɭɸɳɢɣ ɩɪɨɱɧɵɟ 
ɹɪɤɨɨɤɪɚɲɟɧɧɵɟ ɜɧɭɬɪɢɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɊɁɗ, ɢ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɢɯ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. 
ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɫɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ 
ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɚ, ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɪɫɟɧɚɡɨ III, ɞɥɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢ ɪɚɡɞɟɥɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɬ 
ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɫ 
ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (Ɇɋ-ɂɋɉ) ɨɩɪɟɞɟɥɟɧɢɟɦ.  
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ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  
ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɡɚɤɪɟɩɥɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɤɪɟɦɧɟɡɟɦɨɦ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ, ɢ ɫɢɧɬɟɡ ɫɨɪɛɟɧɬɚ ɧɚ 
ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ; 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ (99 %) ɢɡɜɥɟɱɟɧɢɹ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɪɟɦɧɟɡɟɦɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ 
ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ ɢ ɚɪɫɟɧɚɡɨ III; 
ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɫɨɪɛɰɢɨɧɧɨ-ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ɨɩɪɟɞɟɥɟɧɢɹ 

















1 Ʌɢɬɟɪɚɬɭɪɧɚɹ ɱɚɫɬɶ 
 
1.1 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɪɫɟɧɚɡɨ III  
 
Ⱥɪɫɟɧɚɡɨ III [1,8-ɞɢɨɤɫɨɧɚɮɬɚɥɢɧ-3,6-ɞɢɫɭɥɶɮɨɤɢɫɥɨɬɚ-2,7-ɛɢɫ(ɚɡɨ-2-
ɚɪɫɨɧɨɛɟɧɡɨɥ)] C22H18As2N4O14S2 – ɛɢɫɚɡɨɫɨɟɞɢɧɟɧɢɟ ɧɚ ɨɫɧɨɜɟ 
ɯɪɨɦɨɬɪɨɩɧɨɣ ɢ ɨ-ɚɦɢɧɨɮɟɧɢɥɚɪɫɨɧɨɜɨɣ ɤɢɫɥɨɬ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɦɧɨ-
ɤɪɚɫɧɵɣ ɩɨɪɨɲɨɤ, ɭɦɟɪɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ ɢɥɢ ɤɢɫɥɨɬɚɯ, ɯɨɪɨɲɨ – ɜ 
ɫɪɟɞɟ ɛɢɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ, ɧɟ ɪɚɫɬɜɨɪɢɦ ɜ ɚɰɟɬɨɧɟ, ɫɩɢɪɬɟ, ɷɮɢɪɟ ɢ ɜ 
ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɚɪɫɟɧɚɡɨ III 




Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɚɪɫɟɧɚɡɨ III [1] 
 
Ⱥɪɫɟɧɚɡɨ III ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɜɢɞɟ ɫɦɟɫɢ ɫɜɨɛɨɞɧɨɣ ɫɭɥɶɮɨɤɢɫɥɨɬɵ ɢ ɟɟ 
ɧɚɬɪɢɟɜɵɯ ɫɨɥɟɣ. Ɋɟɚɝɟɧɬ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɜɢɞɟ ɤɢɫɥɨɬɵ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 
ɧɟɤɨɬɨɪɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 
ȼ ɫɭɯɨɦ ɜɢɞɟ, ɜ ɧɟɣɬɪɚɥɶɧɵɯ, ɤɢɫɥɨɬɧɵɯ ɢ ɫɥɚɛɨɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ, 
ɫɜɨɛɨɞɧɵɯ ɨɬ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ, ɚɪɫɟɧɚɡɨ III ɦɨɠɟɬ 
ɫɨɯɪɚɧɹɬɶɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. Ɉɤɪɚɫɤɚ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɚɪɫɟɧɚɡɨ III ɡɚɜɢɫɢɬ ɨɬ ɪɇ ɫɪɟɞɵ. ɉɪɢ ɪɇ ɫɪɟɞɵ ɨɬ 4 ɞɨ 10, ɬ.ɟ. ɜ 
ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɷɥɟɦɟɧɬɨɜ, ɨɤɪɚɫɤɚ ɪɚɫɬɜɨɪɨɜ ɪɟɚɝɟɧɬɚ 
ɪɨɡɨɜɚɹ ɢɥɢ ɤɪɚɫɧɨ-ɦɚɥɢɧɨɜɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
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Ⱥɪɫɟɧɚɡɨ III ɧɟ ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɧɵɦ ɪɟɚɝɟɧɬɨɦ ɞɥɹ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɥɟɟ 25 ɷɥɟɦɟɧɬɨɜ [1, 2]. 
Ɉɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɟɚɝɟɧɬɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɫ ɷɥɟɦɟɧɬɚɦɢ ɩɪɨɱɧɵɟ ɜɧɭɬɪɢɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. ɗɬɨ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɷɥɟɦɟɧɬɵ ɜ ɫɢɥɶɧɨɤɢɫɥɵɯ ɫɪɟɞɚɯ (Th(IV), Zr(IV), 
U(IV), Pu(IV) ɢ ɞɪɭɝɢɟ). 
ɐɜɟɬɧɵɟ ɪɟɚɤɰɢɢ ɚɪɫɟɧɚɡɨ III ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ ɱɟɦ ɫ 25 ɷɥɟɦɟɧɬɚɦɢ 
(ɜɤɥɸɱɚɹ 16 ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ) ɢ ɢɦɟɸɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. Ɋɟɚɤɰɢɢ 
ɚɪɫɟɧɚɡɨ III ɫ ɷɥɟɦɟɧɬɚɦɢ ɜɵɫɨɤɨ ɤɨɧɬɪɚɫɬɧɵ: ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɟɯɨɞ ɨɤɪɚɫɤɢ 
ɢɡ ɤɪɚɫɧɨɣ (ɪɟɚɝɟɧɬ) ɜ ɫɢɧɸɸ (Sɫ, ɋɚ, Ɋb) ɢɥɢ ɢɡɭɦɪɭɞɧɨ-ɡɟɥɟɧɭɸ (ɚɤɬɢɧɢɞɵ, 
ɊɁɗ, Zr, Hf).  
Ɇɚɤɫɢɦɭɦ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɧɚɯɨɞɢɬɫɹ 
ɩɪɢ 540 ɧɦ [2].  
Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɊɁɗ) ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɚɪɫɟɧɚɡɨ III ɜ 
ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɰɜɟɬɧɚɹ 
ɪɟɚɤɰɢɹ ɫ ɚɪɫɟɧɚɡɨ III ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ: ɪɇ 3–4, ɭɫɥɨɜɢɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɇ 3; λ = 665 ɧɦ, ɨɤɪɚɫɤɚ ɩɟɪɟɯɨɞɢɬ ɢɡ 
ɪɨɡɨɜɨɣ (ɪɟɚɝɟɧɬ) ɜ ɡɟɥɟɧɭɸ (ɤɨɦɩɥɟɤɫ ɫ ɊɁɗ) [3]. 
ȼ ɪɚɛɨɬɟ [4] ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɨɞɧɨ-ɫɨɥɟɜɵɯ ɫɢɫɬɟɦɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɮɨɬɨɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɤɪɚɲɟɧɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 
ɪɟɚɝɟɧɬɨɜ, ɹɜɥɹɸɬɫɹ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ɚɪɫɟɧɚɡɨ. ɉɪɟɞɟɥɵ 
ɨɛɧɚɪɭɠɟɧɢɹ ɊɁɗ ɚɪɫɟɧɚɡɨ III 0,01–0,1 ɦɤɝ/ɦɥ; ɚɪɫɟɧɚɡɨ III ɨɛɪɚɡɭɟɬ ɫ 
ɦɟɬɚɥɥɚɦɢ (Ɇɟ) ɨɱɟɧɶ ɩɪɨɱɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɢɯ ɜ 
ɤɢɫɥɵɯ ɫɪɟɞɚɯ: Ɇɟ(+4) ɢ Ɇɟ(+5) ɜ 6–10 ɧ. HCl ɢɥɢ H2SO4, Ɇɟ(+2) ɢ Ɇɟ(+3) – 
ɩɪɢ ɪɇ 1–4. Ɋɟɚɤɰɢɢ ɤoɦɩɟɤɫooɛɪɚɡoɜɚɧɢɹ ɤɨɧɬɪɚɫɬɧɵ: λmax(ɪɟɚɝɟɧɬɚ) = 540 ɧɦ, 
λmax(ɤɨɦɩɥɟɤɫɨɜ) = 665 ɧɦ.  
ȼ ɪɚɛɨɬɟ [5] ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ 
ɷɪɛɢɹ(III) ɢ ɚɪɫɟɧɚɡɨ III. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɞɜɨɟɧɢɟ ɱɢɫɥɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-
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ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩɢɪɨɜɨɤ ɜ ɫɨɫɬɚɜɟ ɚɪɫɟɧɚɡɨ III ɩɨɜɵɲɚɟɬ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢ, ɫɧɢɠɚɟɬ ɪɇ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɩɪɟɞɟɥɟɧɵ 
ɰɜɟɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɷɪɛɢɹ: ɫɜɟɬɥɨɬɚ (L = 75,32), 
ɧɚɫɵɳɟɧɧɨɫɬɶ ɰɜɟɬɚ (S = 30,05), ɠɟɥɬɢɡɧɚ (G = -1,06), ɰɜɟɬɨɜɨɣ ɬɨɧ (Ɍ = 341, 
09), ɛɟɥɢɡɧɚ (W = 61,61). ȼɵɱɢɫɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɢ 
ɦɨɥɹɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɢ ɪɟɚɝɟɧɬɚ (εɄ = 
(5,2±0,1) 104; εɊ = 3,0 103) ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ 2,5–60 ɦɤɝ ɷɪɛɢɹ ɜ 25 ɦɥ ɪɚɫɬɜɨɪɚ. 
 
1.2 ɋɨɪɛɟɧɬɵ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
 
ɋɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɢ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ. ɋɨɪɛɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɨɛɵɱɧɨ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɯɨɪɨɲɭɸ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ, ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ.  
ɋɨɪɛɰɢɹ - ɩɪɨɰɟɫɫ ɩɨɝɥɨɳɟɧɢɹ ɝɚɡɨɜ, ɩɚɪɨɜ ɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ 
ɬɜɟɪɞɵɦɢ ɢɥɢ ɠɢɞɤɢɦɢ ɩɨɝɥɨɬɢɬɟɥɹɦɢ ɧɚ ɬɜɟɪɞɨɦ ɧɨɫɢɬɟɥɟ (ɫɨɪɛɟɧɬɟ). 
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɫɨɪɛɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɥɢɱɢɢ ɦɟɯɚɧɢɡɦɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɟɳɟɫɬɜ ɫ ɫɨɪɛɟɧɬɚɦɢ.  
 
1.2.1 ɋɨɪɛɟɧɬɵ ɧɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɨɫɧɨɜɟ 
 
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɩɨɥɭɱɟɧɨ ɢ ɢɫɫɥɟɞɨɜɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɫɨɪɛɟɧɬɨɜ ɫ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ – ɷɬɨ ɫɥɨɢɫɬɵɟ ɢ ɰɟɩɨɱɟɱɧɵɟ 
ɫɢɥɢɤɚɬɵ, ɮɨɫɮɚɬɵ, ɰɟɨɥɢɬɵ, ɤɪɟɦɧɟɡɟɦɵ, ɨɤɫɢɞɵ ɢ ɝɢɞɪɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ ɢ 
ɞɪɭɝɢɟ ɫɨɥɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ.  
Ɇɟɯɚɧɢɡɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɛɨɥɶɲɢɧɫɬɜɨɦ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɨɪɛɟɧɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɡɚ ɫɱɟɬ ɮɢɡɢɱɟɫɤɨɣ 
ɚɞɫɨɪɛɰɢɢ ɝɢɞɪɨɥɢɡɨɜɚɧɧɵɯ ɮɨɪɦ ɦɟɬɚɥɥɨɜ, ɥɢɛɨ ɡɚ ɫɱɟɬ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. 
ɇɢɡɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɞɟɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ (ɜ ɫɥɭɱɚɟ ɫɨɪɛɰɢɢ 
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ɝɢɞɪɨɥɢɡɨɜɚɧɧɵɯ ɮɨɪɦ ɦɟɬɚɥɥɨɜ) ɩɪɢɜɨɞɹɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɭɸ ɨɫɧɨɜɭ ɪɚɡɥɢɱɧɵɦɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɦɢ ɝɪɭɩɩɚɦɢ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɱɚɳɟ ɜɫɟɝɨ ɜɵɛɢɪɚɸɬ 
ɤɪɟɦɧɟɡɟɦɵ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ ɦɚɬɪɢɰɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ: ɬɟɪɦɢɱɟɫɤɚɹ ɢ ɯɢɦɢɱɟɫɤɚɹ 
ɫɬɨɣɤɨɫɬɶ, ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɧɟɧɚɛɭɯɚɟɦɨɫɬɶ ɜ ɜɨɞɧɵɯ ɢ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ɂɡ-ɡɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɫɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɨɜ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɨɜ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
ɫɨɪɛɰɢɢ, ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɥɟɝɤɨɫɬɶ ɷɥɸɢɪɨɜɚɧɢɹ ɫɨɪɛɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ.  
ɉɨɦɢɦɨ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ  ɩɪɟɢɦɭɳɟɫɬɜ, ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɫɢɞɚ 
ɤɪɟɦɧɢɹ, ɤɚɤ ɩɨɞɥɨɠɤɢ ɩɪɢ ɫɢɧɬɟɡɟ ɯɢɦɢɱɟɫɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɫɨɪɛɟɧɬɨɜ, ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɞɨɫɬɨɢɧɫɬɜɚ: ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɪɟɦɧɟɡɟɦɚ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ; ɤɪɟɦɧɟɡɟɦ ɞɨɫɬɭɩɟɧ ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɲɟɜ; ɯɨɪɨɲɨ ɢɡɭɱɟɧ; ɫɢɥɚɧɨɥɶɧɵɟ ɝɪɭɩɩɵ ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ 
ɫɥɚɛɨɣ ɤɢɫɥɨɬɧɨɫɬɶɸ, ɢɡ-ɡɚ ɷɬɨɝɨ ɤɪɟɦɧɟɡɟɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɹɜɥɹɟɬ 
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ, ɩɨɷɬɨɦɭ, ɩɪɢɜɢɜɚɟɦɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɦɨɥɟɤɭɥɵ ɧɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɧɚ ɧɟɦ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɪɟɜɪɚɳɟɧɢɣ; 
ɤɪɟɦɧɟɡɟɦ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɱɢɫɬɨɦ ɜɢɞɟ.  
Ʉɪɟɦɧɟɡɟɦ – ɷɬɨ ɞɢɨɤɫɢɞ ɤɪɟɦɧɢɹ ɜɨ ɜɫɟɯ ɟɝɨ ɮɨɪɦɚɯ: 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ, ɚɦɨɪɮɧɵɣ ɢɥɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ. ɇɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵ 
ɚɦɨɪɮɧɵɟ ɩɨɪɢɫɬɵɟ ɤɪɟɦɧɟɡɟɦɵ, ɬɚɤ ɤɚɤ ɢɯ ɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɜɟɥɢɱɢɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɢɚɦɟɬɪ ɢ ɨɛɴɟɦ ɩɨɪ, ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢ ɢɯ ɩɪɨɱɧɨɫɬɶ) 
ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ. Ⱥɦɨɪɮɧɵɣ ɤɪɟɦɧɟɡɟɦ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ: ɚɷɪɨɫɢɥɵ ɛɟɡɜɨɞɧɵɟ, ɚɦɨɪɮɧɵɟ ɱɚɫɬɢɰɵ 
ɤɪɟɦɧɟɡɟɦɚ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; ɚɷɪɨɫɢɥɨɝɟɥɢ 
(ɫɢɥɨɯɪɨɦɵ) ɨɱɟɧɶ ɱɢɫɬɚɹ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɚɹ ɮɨɪɦɚ ɩɨɪɢɫɬɨɝɨ 
ɚɦɨɪɮɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ ɫ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 70–150 ɦ2/ɝ; ɫɢɥɢɤɚɝɟɥɢ – 
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ɫɭɯɢɟ ɝɟɥɢ ɩɨɥɢɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ (ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 
ɚɦɨɪɮɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ, ɜɵɩɭɫɤɚɟɦɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ); ɩɨɪɢɫɬɵɟ ɫɬɟɤɥɚ 
ɨɫɨɛɚɹ ɮɨɪɦɚ ɚɦɨɪɮɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ [6].  
 
ɇɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢфɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɧɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɨɫɧɨɜɟ. 
ɇɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ 
ɨɛɪɚɛɨɬɤɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɨɫɧɨɜɵ ɪɚɡɥɢɱɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ, ɩɪɢ ɷɬɨɦ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ ɡɚɤɪɟɩɥɹɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ ɫɱɟɬ ɧɟɯɢɦɢɱɟɫɤɢɯ 
ɫɜɹɡɟɣ (ɢɨɧɧɵɯ, ɜɨɞɨɪɨɞɧɵɯ ɢ ɬ.ɞ.). 
ȼ ɫɬɚɬɶɟ [7] ɪɚɫɫɦɨɬɪɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 
ɚɪɫɟɧɚɡɨ III. ɋɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɤɨɜɚɥɟɧɬɧɨ 
ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ ɚɪɫɟɧɚɡɨ III ɩɨɥɭɱɟɧ ɩɭɬɟɦ ɫɨɪɛɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɪɟɚɝɟɧɬɚ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ɉɤɫɢɞ ɰɢɪɤɨɧɢɹ ɢɡɜɥɟɤɚɟɬ ɚɪɫɟɧɚɡɨ III ɩɪɢ ɪɇ 
6 ɡɚ ɫɱɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 
ɪɟɚɝɟɧɬɨɦ ɢ ɞɢɨɤɫɢɞɨɦ ɰɢɪɤɨɧɢɹ. ȼɟɪɨɹɬɧɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɚɪɫɟɧɚɡɨ III ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟɦ 
ɦɚɬɪɢɰɵ ɢ ɪɟɚɝɟɧɬɚ, ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫ ɫ 
ɚɪɫɟɧɚɡɨ III ɫɨɫɬɚɜɚ [Me:L] 1:1. ɋɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɇ+ 
ɫɨɫɬɚɜɥɹɟɬ 0,7 ɦɦɨɥɶ ɝ-1, ɱɬɨ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɭɬɟɦ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɨɝɨ 
ɬɢɬɪɨɜɚɧɢɹ. ɋɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɪɫɟɧɚɡɨ III ɫɨɫɬɚɜɢɥɚ 
0,24 ɦɦɨɥɶ/ɝ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 2,4·104 ɫɦ3/ɝ, ɢɫɯɨɞɹ 
ɢɡ ɨɛɥɚɫɬɢ Ƚɟɧɪɢ. ɋɨɪɛɟɧɬ ɫɬɚɛɢɥɟɧ ɜ ɪɚɫɬɜɨɪɟ ɪɚɡɛɚɜɥɟɧɧɵɯ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ (0,05–2 Ɇ HCl) ɢ ɜ ɪɚɫɬɜɨɪɚɯ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɫɢɥɨɣ 
(ɞɨ 1 Ɇ NaCl). Ⱥɜɬɨɪɵ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɫɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ 
ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɫ ɤɨɜɚɥɟɧɬɧɨ ɢɦɦɨɛɢɥɢɡɨɜɚɧɧɵɦ ɚɪɫɟɧɚɡɨ III ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɢɨɧɨɨɛɦɟɧɧɢɤɚ ɜ ɢɨɧɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 
ȼ ɪɚɛɨɬɟ [8] ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɊɁɗ ɜ ɜɢɞɟ 
ɝɢɞɪɨɮɨɛɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɧɟɩɨɥɹɪɧɵɯ ɢ ɦɚɥɨɩɨɥɹɪɧɵɯ ɫɨɪɛɟɧɬɚɯ. Ⱦɥɹ 
ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ ɢɫɩɨɥɶɡɭɸɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɭɝɥɟɪɨɞɧɵɟ ɦɚɬɪɢɰɵ. 
ɂɫɫɥɟɞɨɜɚɧɚ ɫɨɪɛɰɢɹ β-ɞɢɤɟɬɨɧɨɜ (ɚɰɟɬɢɥɚɰɟɬɨɧɚ, 1-ɮɟɧɢɥ-3-ɦɟɬɢɥ-4-
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ɛɟɧɡɨɢɥɩɢɪɚɡɨɥ-5-ɨɧɚ (ɎɆȻɉ), ɬɟɧɨɢɥɬɪɢɮɬɨɪɚɰɟɬɨɧɚ ɢ 
ɩɢɜɚɥɨɢɥɬɪɢɮɬɨɪɚɰɟɬɨɧɚ) ɧɚ ɦɚɥɨɩɨɥɹɪɧɵɯ ɦɚɬɪɢɰɚɯ 
(ɝɟɤɫɚɞɟɰɢɥɫɢɥɢɤɚɝɟɥɟ, ɫɜɟɪɯɫɲɢɬɨɦ ɩɨɥɢɫɬɢɪɨɥɟ (ɋɋɉɋ), 
ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢɞɟ Ɏ2Ɇ, ɚɤɬɢɜɧɨɦ ɭɝɥɟ, ɧɟɩɨɪɢɫɬɨɦ ɝɪɚɮɢɬɢɪɨɜɚɧɧɨɦ 
ɭɝɥɟɪɨɞɧɨɦ ɫɨɪɛɟɧɬɟ ENVI-Carb) ɢɡ ɜɨɞɧɨɣ ɢ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɨɣ ɫɪɟɞɵ. ɉɨ 
ɜɟɥɢɱɢɧɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɫɨɪɛɰɢɢ ɎɆȻɉ ɦɚɬɪɢɰɵ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɋɋɉɋ>SiO2-C16>ɉȼɎ>ENVI-
Carb>ȻȺɍ-2. ɇɟɫɦɨɬɪɹ ɧɚ ɪɚɡɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ ɪɟɚɝɟɧɬɚ, ɧɚ 
ɨɫɧɨɜɟ ɭɤɚɡɚɧɧɵɯ ɦɚɬɪɢɰ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɨɪɛɟɧɬɵ ɫ ɜɵɫɨɤɨɣ 
ɟɦɤɨɫɬɶɸ – ɨɬ 1 ɞɨ 8 ɦɦɨɥɶ/ɝ. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɫɨɪɛɟɧɬɚ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɪɛɟɧɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɊɁɗ ɢ ɧɚ 
ɟɝɨ ɫɜɨɣɫɬɜɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɪɇ 4) ɫɨɪɛɟɧɬɵ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɪɟɚɝɟɧɬɨɦ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɢ 
ɢɡɜɥɟɤɚɸɬ ɥɚɧɬɚɧ(III) ɫ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɢɦɩɪɟɝɧɢɪɨɜɚɧɢɟɦ. ɍɫɥɨɜɢɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ ɢɡ ɦɨɪɫɤɨɣ ɜɨɞɵ ɜ ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɢɫɬɟɦɚɯ 
ɪɟɚɝɟɧɬ-ɫɨɪɛɟɧɬ: ɪɇ 4, ɦɢɧɢɤɨɥɨɧɤɚ 2×10 ɦɦ, v = 4 ɦɥ/ɦɢɧ. ȼɫɟ ɊɁɗ ɦɨɝɭɬ 
ɛɵɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɢɡɜɥɟɱɟɧɵ ɤɚɤ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɨɪɛɟɧɬɚɯ, ɬɚɤ ɢ ɜ 
ɜɢɞɟ ɤɨɦɩɥɟɤɫɨɜ ɷɥɟɦɟɧɬ-ɪɟɚɝɟɧɬ ɧɚ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɬɪɢɰɚɯ. Ⱦɥɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɥɚɧɬɚɧɚ ɢɡ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɜɨɞɵ (ɞɨ 500 ɦɥ) ɩɪɟɞɥɨɠɟɧ 
ɭɫɬɨɣɱɢɜɵɣ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɋɋɉɋ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɎɆȻɉ. Ⱦɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɥɚɧɬɚɧɚ ɢɡ ɦɚɥɵɯ 
ɨɛɴɟɦɨɜ ɜɨɞɵ (ɞɨ 10 ɦɥ) ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɞɪɭɝɢɟ ɦɚɬɪɢɰɵ – 
ɝɟɤɫɚɞɟɰɢɥɫɢɥɢɤɚɝɟɥɶ ɢ ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢɞ Ɏ2Ɇ.  
ȼ ɪɚɛɨɬɟ [9] ɢɡɭɱɟɧɚ ɦɨɤɪɚɹ ɩɪɨɩɢɬɤɚ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɦɚɥɨɡɚɬɪɚɬɧɨɝɨ 
ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɷɬɢɥɟɧɬɪɢɚɦɢɧɚ ɞɥɹ ɛɵɫɬɪɨɝɨ 
ɩɪɨɰɟɫɫɚ ɭɥɚɜɥɢɜɚɧɢɹ CO2 ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ. Ɋɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɷɤɨɧɨɦɢɱɧɵɣ ɢ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɧɟɞɨɪɨɝɢɯ, ɧɨ ɷɮɮɟɤɬɢɜɧɵɯ 
ɫɨɪɛɟɧɬɨɜ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɋɈ2 ɩɭɬɟɦ ɩɪɨɩɢɬɤɢ ɞɢɷɬɢɥɟɧɬɪɢɚɦɢɧɚ ɞɨ 
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ɧɟɞɨɪɨɝɨɝɨ ɩɨɪɢɫɬɨɝɨ ɫɢɥɢɤɚɝɟɥɹ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɟɞɨɪɨɝɨɣ 
ɫɢɥɢɤɚɝɟɥɶ, ɩɪɨɩɢɬɚɧɧɵɣ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɚɦɢɧɨɦ, ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɵɦ 
ɢ ɨɱɟɧɶ ɯɨɪɨɲɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 130 °C. ɋɨɪɛɟɧɬ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɵɫɬɪɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɤɢɧɟɬɢɤɨɣ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɝɟɧɟɪɢɪɨɜɚɧ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɫɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɞɟɫɨɪɛɰɢɢ CO2. 10 %-ɧɚɹ ɡɚɝɪɭɡɤɚ ɚɦɢɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɥɭɱɲɭɸ ɩɨɪɢɫɬɨɫɬɶ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɨɪɛɰɢɨɧɧɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ. 
 
Хɢɦɢɱɟɫɤɢ ɦɨɞɢфɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɧɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɨɫɧɨɜɟ. 
Ʉɪɟɦɧɟɡɟɦɵ ɫ ɯɢɦɢɱɟɫɤɢ ɩɪɢɜɢɬɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ (ɏɆɄ) ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɛɢɨɯɢɦɢɢ. 
ɇɚɢɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɵ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ 
ɤɪɟɦɧɟɡɟɦɵ ɫ ɩɪɢɜɢɬɵɦɢ ɚɥɤɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. ɑɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɢɦɵ 
ɤɪɟɦɧɟɡɟɦɵ ɫ ɞɥɢɧɧɵɦɢ ɚɥɤɢɥɶɧɵɦɢ ɰɟɩɹɦɢ, ɨɛɵɱɧɨ ɋ8 ɢ ɋ18, ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɸɬ ɤɪɟɦɧɟɡɟɦɵ ɫ ɩɪɢɜɢɬɵɦɢ ɛɨɥɟɟ ɤɨɪɨɬɤɢɦɢ ɚɥɤɢɥɶɧɵɦɢ 
ɝɪɭɩɩɚɦɢ ɋ4 ɢ ɋ3, ɨɫɨɛɟɧɧɨ ɧɚ ɲɢɪɨɤɨɩɨɪɢɫɬɵɯ ɤɪɟɦɧɟɡɟɦɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɞɥɹ ɚɧɚɥɢɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɜɚɠɧɵɯ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
Ʉɪɟɦɧɟɡɟɦɵ ɫ ɩɪɢɜɢɬɵɦɢ ɚɪɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɩɪɢɦɟɧɹɸɬ ɪɟɠɟ, ɯɨɬɹ ɨɧɢ 
ɱɚɫɬɨ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɱɟɦ ɤɪɟɦɧɟɡɟɦɵ ɫ 
ɚɥɤɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ.  
ȼ ɫɬɚɬɶɟ [10] ɢɫɫɥɟɞɨɜɚɧɵ ɨɤɬɚɞɟɰɢɥ-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɪɟɦɧɟɡɟɦɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɢɦɦɨɛɢɥɢɡɚɰɢɟɣ C18-ɝɢɛɪɢɞɧɨɝɨ ɡɨɥɹ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚ 
ɤɨɦɦɟɪɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. Ɉɤɬɚɞɟɰɢɥ-
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɪɟɦɧɟɡɟɦɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɥɢɱɟɫɬɜɚɦɢ ɨɤɬɚɞɟɰɢɥɶɧɵɯ 
ɝɪɭɩɩ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɭɬɟɦ ɧɟɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɤɨɧɞɟɧɫɚɰɢɢ C18-ɝɢɛɪɢɞɧɨɝɨ 
ɡɨɥɹ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɫɮɟɪɨɢɞɚɥɶɧɨɦ ɤɪɟɦɧɟɡɟɦɟ. ȼ ɨɤɬɚɞɟɰɢɥ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɢɥɢɤɚɬɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɟɫɨɜɵɟ ɩɪɨɰɟɧɬɧɵɟ ɞɨɥɢ 
ɨɤɬɚɞɟɰɢɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,5 ɞɨ 8,5 ɦɚɫ.%. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɨɤɬɚɞɟɰɢɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɩɪɢɜɟɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɪɹɞɤɚ 
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ɚɥɤɢɥɶɧɨɣ ɰɟɩɢ ɢ ɲɟɫɬɢɤɪɚɬɧɵɯ ɫɢɥɨɤɫɚɧɨɜɵɯ ɤɨɥɟɰ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɫɢɧɬɟɡɟ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɟɡɟɦɚ C18-ɝɢɛɪɢɞɧɨɝɨ ɤɪɟɦɧɢɹ ɩɪɢɜɟɥɨ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪɢɫɬɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɫɥɨɹ ɫɢɥɢɤɚɝɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɮɟɪɨɢɞɚɥɶɧɨɝɨ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 
ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɤɬɚɞɟɰɢɥ-ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɪɟɦɧɟɡɟɦɨɜ 
ɡɚɜɢɫɹɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ C18-ɝɢɛɪɢɞɧɨɝɨ ɡɨɥɹ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɜ ɫɢɧɬɟɡɟ.  
ȼ ɪɚɛɨɬɟ [11] ɢɡɭɱɟɧ ɦɟɡɨɩɨɪɢɫɬɵɣ ɤɪɟɦɧɟɡɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 
ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɨɦ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ Cd(II) ɢ Ni(II) ɜ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ. ɋɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɚɦɢɧɚ, ɛɨɝɚɬɵɣ ɚɥɸɦɢɧɢɟɦ, ɛɵɥ 
ɭɫɩɟɲɧɨ ɪɚɡɪɚɛɨɬɚɧ ɩɭɬɟɦ ɩɪɢɜɢɜɤɢ ɪɚɡɜɟɬɜɥɟɧɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɢɦɢɧɚ ɧɚ 
ɦɟɡɨɩɨɪɢɫɬɵɣ ɤɪɟɦɧɟɡɟɦ. ȼɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɦɢɧɨɝɪɭɩɩ (3,18 ɦɦɨɥɶ/ɝ) 
ɜ ɦɟɡɨɩɨɪɢɫɬɵɯ ɤɪɟɦɧɟɡɟɦɚɯ ɨɤɚɡɚɥɚɫɶ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɢ ɜɵɫɨɤɢɯ ɫɨɪɛɰɢɹɯ 
Cd(II) ɢ Ni(II) ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɣ 
ɟɦɤɨɫɬɢ ɦɟɡɨɩɨɪɢɫɬɨɝɨ ɤɪɟɦɧɟɡɟɦɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Cd(II) (156,0 ɦɝ/ɝ) ɢ 
Ni(II) (139,7 ɦɝ/ɝ) ɩɪɟɜɵɲɚɥɢ ɞɪɭɝɢɟ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɚɦɢɧɫɨɞɟɪɠɚɳɢɟ 
ɫɨɪɛɟɧɬɵ. ɇɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɇ ɢ ɦɚɫɫɭ ɫɨɪɛɟɧɬɚ ɞɥɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ. ɉɪɢ ɪɇ 6 ɢ ɦɚɫɫɟ ɫɨɪɛɟɧɬɚ 
0,5 ɝ, ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɫɨɫɬɨɜɥɹɟɬ 75–80 %. 
ȼ ɪɚɛɨɬɟ [12] ɫɢɧɬɟɡɢɪɨɜɚɧ ɧɨɜɵɣ ɫɨɪɛɟɧɬ ɩɭɬɟɦ ɩɪɢɜɢɜɤɢ 
ɫɭɥɶɮɨɷɬɢɥɶɧɵɯ ɝɪɭɩɩ ɧɚ ɧɚɧɨɱɚɫɬɢɰɚɯ ɤɪɟɦɧɟɡɟɦɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɫɟɥɟɤɬɢɜɧɨɣ ɫɨɪɛɰɢɢ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ. ɂɫɫɥɟɞɨɜɚɧɨ 
ɜɥɢɹɧɢɟ ɪɇ, ɢɫɯɨɞɧɵɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɮɚɡ ɢ ɦɟɲɚɸɳɢɯ 
ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ. Ɉɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɇ 6, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ 
ɟɦɤɨɫɬɶ ɫɨɪɛɟɧɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Ag(I) ɫɨɫɬɚɜɥɹɟɬ 21,9 ɦɝ/ɝ, ɜɪɟɦɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ – 60 ɦɢɧ. ɋɨɪɛɰɢɨɧɧɵɣ ɦɟɯɚɧɢɡɦ 
ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɸ ɝɟɤɫɚɬɨɦɧɨɝɨ ɯɟɥɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɟɠɞɭ 
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Ʉ ɨɪɝɚɧɢɱɟɫɤɢɦ ɫɨɪɛɟɧɬɚɦ ɨɬɧɨɫɹɬ ɩɨɥɢɦɟɪɧɵɟ ɫɨɪɛɟɧɬɵ ɩɪɢɪɨɞɧɨɝɨ 
ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 
ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɨɨɛɦɟɧɧɢɤɢ – ɷɬɨ ɩɪɨɞɭɤɬɵ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɤɢɫɥɨɬɧɵɟ ɢɥɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ.  
ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɯɟɥɚɬɧɵɟ ɫɦɨɥɵ, ɤɨɬɨɪɵɟ 
ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɨɪɛɟɧɬɚɦɢ ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ 
ɩɪɢ ɚɧɚɥɢɡɟ ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɇɚ ɯɟɥɚɬɧɵɯ 
ɫɦɨɥɚɯ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɤɚɤ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ, ɬɚɤ ɢ ɝɪɭɩɩɨɜɨɝɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ.  
Ⱥɜɬɨɪɵ ɜ ɪɚɛɨɬɟ [13] ɢɡɭɱɢɥɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɥɚɧɬɚɧɚ ɧɚ 
ɦɚɥɨɩɨɥɹɪɧɵɯ ɫɨɪɛɟɧɬɚɯ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 1-ɮɟɧɢɥ-3-ɦɟɬɢɥ-4-
ɛɟɧɡɨɢɥɩɢɪɚɡɨɥ-5-ɨɧɨɦ: ɝɟɤɫɚɞɟɰɢɥɫɢɥɢɤɚɝɟɥɟ, ɫɜɟɪɯɫɲɢɬɨɦ ɩɨɥɢɫɬɢɪɨɥɟ, 
ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢɞɟ Ɏ2Ɇ ɢ ɚɤɬɢɜɧɨɦ ɭɝɥɟ. Ȼɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɚɝɟɧɬɚ ɢ ɥɚɧɬɚɧɚ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 
ɂɫɫɥɟɞɨɜɚɧɨ ɜɵɦɵɜɚɧɢɟ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ. 
ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɢ 
ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɫɨɪɛɟɧɬɚɦɢ: ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɫɨɪɛɟɧɬɚ (SiO2–ɋ16) ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ ɫɨɫɬɚɜɢɥɚ 100 %, ɚ ɧɚ ɧɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɨɪɛɟɧɬɟ (SiO2–ɋ16) ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 4 %. 
ȼɨɡɦɨɠɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɫɨɪɛɰɢɹ ɢ ɞɟɫɨɪɛɰɢɹ ɥɚɧɬɚɧɚ ɢɡ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɝɟɤɫɚɞɟɰɢɥɫɢɥɢɤɚɝɟɥɟ ɢ ɫɜɟɪɯɫɲɢɬɨɦ 
ɩɨɥɢɫɬɢɪɨɥɟ. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɮɬɨɪɨɩɥɚɫɬɚ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 25 %, ɱɬɨ ɫɜɹɡɚɧɨ, ɫ ɦɚɥɨɣ 
ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɭɝɥɟɪɨɞɧɵɣ ɫɨɪɛɟɧɬ 
ɢɡɜɥɟɤɚɟɬ ɥɚɧɬɚɧ ɧɚ 55 %, ɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɞɟɫɨɪɛɢɪɨɜɚɬɶ ɥɚɧɬɚɧ ɫ ɷɬɨɝɨ 
ɫɨɪɛɟɧɬɚ ɧɟ ɭɞɚɥɨɫɶ ɤɚɤ 2 Ɇ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ, ɬɚɤ ɢ ɷɬɚɧɨɥɨɦ, ɱɬɨ 
ɩɨɤɚɡɵɜɚɟɬ ɫɦɟɲɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ ɧɚ ɷɬɨɦ ɫɨɪɛɟɧɬɟ. 
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ɇɚɢɛɨɥɶɲɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɚɝɟɧɬɚ ɢ ɥɚɧɬɚɧɚ ɞɨɫɬɢɝɧɭɬɵ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜɟɪɯɫɲɢɬɨɝɨ ɩɨɥɢɫɬɢɪɨɥɚ. ɉɪɢ ɞɟɫɨɪɛɰɢɢ ɥɚɧɬɚɧɚ 2 Ɇ 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ  ɧɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɵɦɵɜɚɧɢɹ 
ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ.  
Ɉɞɧɨɣ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɫɨɪɛɟɧɬɨɜ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɣ ɨɫɧɨɜɟ ɹɜɥɹɸɬɫɹ 
ɫɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɛɢɨɫɨɪɛɟɧɬɵ. ɋɨɪɛɟɧɬɵ, 
ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɪɚɡɧɵɯ ɜɢɞɨɜ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ. Ʉ ɞɚɧɧɵɦ ɫɨɪɛɟɧɬɚɦ 
ɬɚɤɠɟ ɢɧɨɝɞɚ ɨɬɧɨɫɹɬ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ ɭɝɥɢ. Ȼɢɨɫɨɪɛɟɧɬɵ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ 
ɩɪɟɢɦɭɳɟɫɬɜ ɬɚɤɢɯ ɤɚɤ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɫɬɧɨɝɨ ɫɵɪɶɹ ɜ ɪɟɝɢɨɧɚɯ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɬɨɫɨɪɛɟɧɬɨɜ; ɨɬɫɭɬɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɫɵɪɶɸ, ɧɢɡɤɚɹ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ; ɧɢɡɤɚɹ ɡɨɥɶɧɨɫɬɶ ɩɪɢ ɫɠɢɝɚɧɢɢ (3–4 %) ɜɵɫɨɤɚɹ ɫɨɪɛɰɢɨɧɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ.  
ɉɨɦɢɦɨ ɪɚɫɬɢɬɟɥɶɧɨɣ ɨɫɧɨɜɵ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɪɛɟɧɬɵ 
ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɍɚɤɢɟ ɤɚɤ ɯɢɬɢɧ-ɯɢɬɨɡɚɧɨɜɵɟ ɫɨɪɛɟɧɬɵ ɢ ɢɯ 
ɦɨɞɢɮɢɤɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɨɪɛɟɧɬɵ ɢɡ ɛɢɨɦɚɫɫ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. Ɉɧɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɞɟɲɟɜɢɡɧɨɣ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ. ɇɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɢ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ: 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɫɵɪɶɹ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɤɚɧɰɟɪɨɝɟɧɧɵɯ, 
ɚɝɪɟɫɫɢɜɧɵɯ ɢ ɹɞɨɜɢɬɵɯ ɜɟɳɟɫɬɜ; ɫɟɡɨɧɧɨɫɬɶ ɫɵɪɶɹ; ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 
ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢ ɞɨɛɵɱɟ ɤɪɚɛɨɜ; ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɫɨɪɛɟɧɬɨɜ ɫɨɡɞɚɟɬ ɫɟɪɶɟɡɧɵɟ ɩɪɨɛɥɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɯ 
ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
ȼ ɪɚɛɨɬɟ [14] ɢɡɭɱɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɪɛɟɧɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɚɦ 
ɧɟɤɨɜɚɥɟɧɬɧɨɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ β-ɞɢɤɟɬɨɧɨɜ, ɧɚ ɧɢɡɤɢɯ ɩɨɥɹɪɧɵɯ ɦɚɬɪɢɰ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɢɡɜɥɟɱɟɧɢɸ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɊɁɗ). ɋɞɟɥɚɧɵ 
ɜɵɜɨɞɵ, ɱɬɨ ɫɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɫɬɢɪɨɥɚ, ɫɨɞɟɪɠɚɳɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɪɟɚɝɟɧɬɨɜ(1-ɮɟɧɢɥ-3-ɦɟɬɢɥ-4-ɛɟɧɡɢɥɩɬɪɚɡɨɥ-5) 1–8 ɦɦɨɥɶ/ɝ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɫɨɪɛɰɢɢ ɪɟɚɝɟɧɬɨɜ ɧɚ ɧɢɡɤɢɟ ɩɨɥɹɪɧɵɟ ɦɚɬɪɢɰɵ ɢɡ 
ɜɨɞɧɵɯ ɢ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ, ɚ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɟɦɤɨɫɬɢ 
ɫɨɪɛɟɧɬɚ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɚɬɪɢɰɵ. Ⱦɚɧɧɵɣ ɫɨɪɛɟɧɬ 
20 
 
ɩɨɥɭɱɟɧ ɩɭɬɟɦ ɩɪɨɩɢɬɤɢ ɦɚɬɪɢɰɵ ɫ ɪɟɚɝɟɧɬɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 
ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɪɇ 2–4,5), ɫɨɪɛɟɧɬ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɩɭɬɟɦ 
ɢɡɜɥɟɱɟɧɢɹ ɪɟɚɝɟɧɬɚ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɹɜɥɹɸɬɫɹ ɫɬɚɛɢɥɶɧɵɦɢ ɢ ɫ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɶɸ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ (98–100 %). Ⱦɟɫɨɪɛɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ 1–2 Ɇ 
HNO3. ɋɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɫɬɢɪɨɥɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 1-ɮɟɧɢɥ-3-ɦɟɬɢɥ-
4-ɛɟɧɡɢɥɩɬɪɚɡɨɥ-5 ɫɬɚɛɢɥɟɧ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 
ɉɪɢɪɨɞɧɵɟ ɧɟɦɨɞɢфɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ – ɫɨɪɛɟɧɬɵ ɧɟ 
ɩɨɞɜɟɪɝɚɜɲɢɟɫɹ ɫɩɟɰɢɚɥɶɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɬɨɥɶɤɨ ɩɪɨɦɵɜɤɟ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɫɭɲɤɟ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ.  
Кɨɜɚɥɟɧɬɧɨ ɦɨɞɢфɢɰɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ – ɫɨɪɛɟɧɬɵ ɩɨɥɭɱɟɧɧɵɟ  
ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɝɢɞɪɨɤɫɢɥɶɧɵɯ 
ɝɪɭɩɩ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɦɚɬɪɢɰɟ ɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɜɟɞɟɧɧɵɟ ɜ ɟɟ ɫɨɫɬɚɜ, ɫ 
ɦɨɧɨɦɟɪɧɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɨɨɛɦɟɧɧɵɟ 
ɢɥɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɟ ɝɪɭɩɩɵ.  
ȼ ɪɚɛɨɬɟ [15] ɢɫɫɥɟɞɨɜɚɧɵ ɫɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɮɨɫɮɨɪɢɥɩɨɞɚɧɞɨɜ ɞɥɹ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɪɚɡɞɟɥɟɧɢɹ ɊɁɗ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ HNO3 
ɜ ɷɥɸɟɧɬɟ ɧɚ ɡɧɚɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (Kd) ɢ 
ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ La(III), Nd(III) ɢ Sm(III) ɫɨɪɛɟɧɬɨɦ 
ɢɦɩɪɟɝɧɢɪɨɜɚɧɧɨɝɨ ɬɢɩɚ, ɫɨɞɟɪɠɚɳɢɦ 33 % ɷɬɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 
ɛɟɧɡɨɥɶɧɨɟ ɤɨɥɶɰɨ (ɫɨɟɞɢɧɟɧɢɹ IX). Ɂɧɚɱɟɧɢɹ Kd La(III), Nd(III) ɢ Sm(III) 
ɭɛɵɜɚɟɬ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ HNO3 ɢ ɜɨɡɪɚɫɬɚɟɬ ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ La(III)<Nd(III)<Sm(III). 
ɇɚɢɥɭɱɲɟɟ ɪɚɡɞɟɥɟɧɢɟ ɊɁɗ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɷɥɸɢɪɨɜɚɧɢɢ ɤɨɥɨɧɤɢ, 
ɡɚɩɨɥɧɟɧɧɨɣ ɫɨɪɛɟɧɬɨɦ, 0,08 M HNO3. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɞɟɥɟɧɢɹ 
ɩɚɪ Nd(III)/La(III) ɢ Sm(III)/Nd(III) ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɥɹɸɬ 2,46 ɢ 2,25, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɪɚɡɞɟɥɟɧɢɹ ɷɬɢɯ ɊɁɗ. ɇɚɢɥɭɱɲɟɟ ɪɚɡɞɟɥɟɧɢɟ ɊɁɗ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚ ɫɨɪɛɟɧɬɟ, 
ɢɦɩɪɟɝɧɢɪɨɜɚɧɧɨɦ 1,5-ɛɢɫ[(2-ɨɤɫɢɷɬɨɤɫɢɮɨɫɮɨɫɮɨɪɢɥ)-4-(ɷɬɢɥ)ɮɟɧɨɤɫɢ]-3-
ɨɤɫɚɩɟɧɬɚɧɨɦ, ɩɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɨɩɨɥɢɦɟɪ 
21 
 
ɫɬɢɪɨɥɚ ɫ ɞɢɜɢɧɢɥɛɟɧɡɨɥɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɨɪɛɟɧɬ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɡɞɟɥɟɧɢɹ ɊɁɗ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɧɚɥɨɝɢ.  
ȼ ɪɚɛɨɬɟ [16] ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɊɁɗ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɛɢɨɫɨɪɛɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ, ɜɨɞɨɪɨɫɥɢ, ɝɪɢɛɵ, ɛɚɤɬɟɪɢɢ, ɤɨɠɭɪɚ ɝɪɟɣɩɮɪɭɬɚ, 
ɰɟɞɪɚ ɦɚɧɞɚɪɢɧɚ. Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɫɨɪɛɰɢɹ ɊɁɗ ɦɨɪɫɤɢɦɢ ɛɭɪɵɦɢ 
ɜɨɞɨɪɨɫɥɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɪɇ 4–5, ɩɪɢ ɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɪɇ ɥɚɧɬɚɧɢɞɵ 
ɧɚɯɨɞɹɬɫɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 3+ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨ 
ɡɚɪɹɠɟɧɧɵɦɢ ɤɚɪɛɨɤɫɢɥɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɛɭɪɵɯ ɜɨɞɨɪɫɥɹɯ. 
ɉɪɢ ɪɇ < 4 ɤɚɪɛɨɤɫɢɥɚɬɧɵɟ ɝɪɭɩɩɵ – ɩɪɨɬɨɧɢɪɨɜɚɧɧɵ, ɩɪɢ ɪɇ > 5 ɧɚɱɧɭɬ 
ɥɚɧɬɚɧɨɢɞɵ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɞɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɨɪɛɰɢɹ 
ɊɁɗ ɛɭɪɵɦɢ ɜɨɞɨɪɨɫɥɹɦɢ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ȼɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ 
ɜɥɢɹɧɢɸ, ɜɨɡɦɨɠɧɨ ɥɟɝɤɨ ɞɟɫɨɪɛɢɪɨɜɚɬɶ ɥɚɧɬɚɧɨɢɞɵ ɪɚɫɬɜɨɪɨɦ 
ɪɚɡɛɚɜɥɟɧɧɨɣ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ. ɂɡ-ɡɚ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 
ɥɚɧɬɚɧɨɢɞɨɜ ɫɨɪɛɰɢɹ ɛɢɨɫɨɪɛɟɧɬɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɦɟɯɚɧɢɡɦ ɢɨɧɧɨɝɨ 
ɨɛɦɟɧɚ.  
ȼ ɪɚɛɨɬɟ [17] ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɨɜɵɟ ɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɫɨɪɛɟɧɬɵ ɧɚ 
ɨɫɧɨɜɟ ɞɜɭɨɤɢɫɢ ɤɪɟɦɧɢɹ ɫɨɩɨɥɢɦɟɪ ɞɢɤɚɪɛɨɤɫɢɥɚɬɚ ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɊɁɗ, ɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢ-ɞɢɦɟɬɚɧɨɧɚɮɬɚɥɢɧɚ. Ⱦɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɩɨɥɭɱɟɧɵ 
ɩɭɬɟɦ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɦɟɬɚɬɟɡɢɫɚ ɫ ɪɚɫɤɪɵɬɢɟɦ ɤɨɥɶɰɚ. Ɉɛɚ ɬɢɩɚ ɫɨɪɛɟɧɬɨɜ 
ɨɛɥɚɞɚɸɬ ɫɬɚɛɢɥɶɧɵɦ ɪɇ, ɹɜɥɹɸɬɫɹ ɝɢɞɪɨɮɢɥɶɧɵɦɢ ɢ ɩɨɷɬɨɦɭ ɥɟɝɤɨ 
ɫɦɚɱɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɨɞɨɣ. Ɉɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɪɇ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ 
ɞɚɧɧɵɦ ɫɨɪɛɟɧɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 3–5,5. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ 










1.3 ɋɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
 
Ɉɫɭɳɟɫɬɜɥɹɬɶ ɩɪɨɰɟɫɫ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɦɨɠɧɨ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ (ɫɬɚɬɢɱɟɫɤɢɦ ɢ ɞɢɧɚɦɢɱɟɫɤɢɦ). ɇɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɪɟɠɢɦɨɦ ɹɜɥɹɟɬɫɹ – ɞɢɧɚɦɢɱɟɫɤɢɣ. Ɍɚɤɨɣ ɜɚɪɢɚɧɬ 
ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɨɜ, 
ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɯ ɛɥɢɡɤɢ.  
ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɪɛɰɢɢ ɱɟɪɟɡ ɫɥɨɣ ɫɨɪɛɟɧɬɚ ɩɪɨɩɭɫɤɚɟɬɫɹ,  
ɩɨɝɥɨɳɚɟɦɚɹ ɩɨɞɜɢɠɧɚɹ ɠɢɞɤɚɹ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɚɹ ɮɚɡɚ. ɋɨɪɛɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ 
ɜ ɭɫɬɚɧɨɜɤɚɯ ɫ ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɦ ɫɥɨɟɦ ɢ ɮɢɥɶɬɪɚɯ ɪɚɡɧɨɝɨ ɬɢɩɚ. 
ɉɪɢ ɷɬɨɦ ɬɢɩɟ ɩɪɨɰɟɫɫɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɚ 
ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɩɨɫɥɟ ɫɥɨɹ 
ɫɨɪɛɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨɪɨɝɨɜɵɣ ɭɪɨɜɟɧɶ, ɷɬɨ ɩɨɤɚɡɵɜɚɟɬ ɨ 
ɩɪɟɜɵɲɟɧɢɢ ɟɦɤɨɫɬɢ ɫɨɪɛɟɧɬɚ ɢ ɧɚɡɵɜɚɟɬɫɹ «ɩɪɨɫɤɨɤɨɦ». 
ȿɦɤɨɫɬɶ ɫɨɪɛɟɧɬɚ ɧɚɡɵɜɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɶɸ 
(ȾɈȿ). ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹɬɢɟ ȾɈȿ. ɉɪɢ 
ɩɪɟɜɵɲɟɧɢɢ ȾɈȿ ɫɨɪɛɟɧɬ ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɧɢɬɶ ɢɥɢ ɪɟɝɟɧɟɪɢɪɨɜɚɬɶ.  
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɪɟɝɟɧɟɪɚɰɢɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɜɚɪɢɚɧɬɚ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. ɉɟɪɜɵɣ – ɩɪɹɦɨɬɨɱɧɵɣ, ɤɨɝɞɚ ɩɨɬɨɤ 
ɪɚɫɬɜɨɪɚ ɢ ɩɪɢ ɪɟɝɟɧɟɪɚɰɢɢ, ɢ ɩɪɢ ɫɨɪɛɰɢɢ ɢɞɟɬ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, 
ɜɬɨɪɨɣ – ɩɪɨɬɢɜɨɬɨɱɧɵɣ, ɤɨɝɞɚ ɩɨɬɨɤ ɪɚɫɬɜɨɪɚ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɪɛɟɧɬɚ, 
ɧɚɩɪɚɜɥɟɧ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɪɚɫɬɜɨɪɭ ɞɥɹ ɫɨɪɛɰɢɢ. ȼɨ ɜɬɨɪɨɣ ɩɪɨɰɟɫɫɟ 
ɱɚɫɬɢɰɵ ɫɨɪɛɟɧɬɚ ɜɧɢɡɭ ɤɨɥɨɧɤɢ ɧɟ ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ 
ɜɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɷɥɸɚɬɨɦ, ɩɨɷɬɨɦɭ ɩɪɨɬɢɜɨɬɨɱɧɵɣ ɪɟɠɢɦ 
ɪɟɝɟɧɟɪɚɰɢɢ ɬɪɟɛɭɟɬ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɫɨɪɛɟɧɬɚ ɢ ɷɥɸɚɬ ɩɨɥɭɱɚɟɬɫɹ 
ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ, ɩɨɷɬɨɦɭ ɷɬɨɬ ɜɚɪɢɚɧɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ. 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɨɪɛɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɥɢɛɨ ɤɚɤ ɜɪɟɦɹ ɨɬ 
ɧɚɱɚɥɚ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɝɥɨɳɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɞɨ ɟɝɨ ɩɪɨɫɤɨɤɚ, ɬɨ ɟɫɬɶ ɜɵɯɨɞɚ 
ɡɚ ɫɥɨɣ ɫɨɪɛɟɧɬɚ, ɥɢɛɨ ɤɚɤ ɩɪɟɞɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, ɩɨɝɥɨɳɟɧɧɨɣ ɧɚ 
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ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ ɢɥɢ ɦɚɫɫɵ ɫɨɪɛɟɧɬɚ ɞɨ ɦɨɦɟɧɬɚ ɩɪɨɫɤɨɤɚ ɩɨɝɥɨɳɚɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ ɱɟɪɟɡ ɫɥɨɣ ɫɨɪɛɟɧɬɚ. 
ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɪɛɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɩɨ 
ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɬɢɩɭ, ɬɚɤ ɤɚɤ ɷɬɨ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɟɝɨ ɧɟɩɪɟɪɵɜɧɨɫɬɢ [18]. 
ɋɨɱɟɬɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦɢ ɚɬɨɦɧɨ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦɢ 
ɦɟɬɨɞɚɦɢ ɩɨɡɜɨɥɹɟɬ ɫɧɢɠɚɬɶ ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ.  
ȼ ɪɚɛɨɬɟ [19] ɢɡɭɱɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɰɜɟɬɧɵɯ ɢ 
ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɞɢɧɚɦɢɱɟɫɤɢɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟɦ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɤɪɟɦɧɟɡɟɦɚ ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ ɢ ɚɪɫɟɧɚɡɨ I. 
Ɋɚɡɪɚɛɨɬɚɧ ɢ ɢɡɭɱɟɧ ɫɨɪɛɟɧɬ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɚ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ ɢ ɚɪɫɟɧɚɡɨ I. ɂɡɭɱɟɧɵ 
ɭɫɥɨɜɢɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɚɪɫɟɧɚɡɨ I ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɦɢɧɢɪɨɜɚɧɧɨɝɨ 
ɤɪɟɦɧɟɡɟɦɚ: ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɭɪɚɜɧɨɜɟɲɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɥɨ 10 ɦɢɧ, 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ I ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɪɇ 4–7. Ȼɵɥɚ 
ɢɡɭɱɟɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɨɪɛɟɧɬɚ ɜ ɜɵɫɨɤɨɫɨɥɟɧɵɯ ɢ ɫɥɚɛɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɚɯ, 
ɫɨɪɛɟɧɬ ɭɫɬɨɣɱɢɜ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɚɡɛɚɜɥɟɧɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ HNO3 ɢ NaCl ɞɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɝ/ɥ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ Al(III), Ca(II), Cd(II), 
Co(II), Cu(II), Fe(II), Fe(III), Mg(II), Ni(II), Pb(II) ɢ Sr(II) ɧɚɯɨɞɹɬɫɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɪɇ 5–7. ȼ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɢɨɧɵ ɦɟɬɚɥɥɨɜ ɞɟɫɨɪɛɢɪɭɸɬɫɹ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ 1 Ɇ HNO3, ɫɬɟɩɟɧɶ ɞɟɫɨɪɛɰɢɢ ɫɨɫɬɚɜɢɥɚ 99 %.  
ȼ ɪɚɛɨɬɟ [20] ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɥɚɧɬɚɧɨɢɞɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɟɪɧɨɤɢɫɥɨɬɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɮɨɫɮɨɝɢɩɫɚ. ȼ ɤɚɱɟɫɬɜɟ 
ɫɨɪɛɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧ ɫɢɥɶɧɨɤɢɫɥɨɬɧɵɣ ɤɚɬɢɨɧɢɬ ɦɚɪɤɢ Ʉɍ-2. ɂɫɫɥɟɞɨɜɚɧɨ 
ɜɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ, ɤɢɫɥɨɬɧɨɫɬɢ ɢ ɫɨɨɬɧɨɲɟɧɢɹ ɮɚɡ ɧɚ ɩɪɨɰɟɫɫ 
ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɪɛɰɢɸ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ 
ɩɪɢ ɪɇ 0,5 ɨɩɬɢɦɚɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɜ ɬɟɱɟɧɢɟ 1,5–2 ɱ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɀ:Ɍ ɧɟ 
ɛɨɥɟɟ 5:1. ȼ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɊɁɆ ɫɨɫɬɚɜɥɹɟɬ 77,9 %. 
Ʉɢɫɥɨɬɧɨɫɬɶ ɫɪɟɞɵ ɜɥɢɹɟɬ ɧɚ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫɨɪɛɰɢɢ: ɭɜɟɥɢɱɟɧɢɟ 
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ɤɨɧɰɟɧɬɪɚɰɢɢ H2SO4 ɨɬ 0,25 Ɇ ɞɨ 0,75 Ɇ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɊɁɆ ɢ ɩɨɜɵɲɟɧɢɸ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ 
ɠɟɥɟɡɚ ɢ ɤɚɥɶɰɢɹ. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɊɁɆ ɢɡ ɫɭɥɶɮɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɢɨɧɢɬɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɨɨɬɧɨɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜ ɪɚɫɬɜɨɪɚ ɢ 
ɢɨɧɢɬɚ, ɜɪɟɦɹ ɧɚɫɬɭɩɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ 
ɫɢɫɬɟɦɵ. ɉɪɢ ɫɨɪɛɰɢɨɧɧɨɦ ɢɡɜɥɟɱɟɧɢɢ ɊɁɆ ɜ ɩɪɨɰɟɫɫɟ ɫɟɪɧɨɤɢɫɥɨɬɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɮɨɫɮɨɝɢɩɫɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɢɨɧɢɬɚ Ʉɍ-2 ɢɡɜɥɟɱɟɧɢɟ ɩɨ ɫɭɦɦɟ 
ɊɁɆ ɢ ɢɬɬɪɢɸ ɫɨɫɬɚɜɥɹɟɬ 80 ɢ 85 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ȼ ɪɚɛɨɬɟ [21] ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɨɛɪɚɡɰɚɯ 
ɝɨɪɧɵɯ ɩɨɪɨɞ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ 
ɫɨɪɛɟɧɬɨɦ Pol-DETATA (ɞɢɷɬɢɥɟɧ-3-ɚɦɢɧ-ɬɟɬɪɚɰɟɬɚɬ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ Ɇɋ-
ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɟɦ ɫ ɩɪɨɬɨɱɧɨ-ɢɧɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ. Ɇɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɪɚɫɬɜɨɪɚɯ ɩɨɫɥɟ ɫɩɥɚɜɥɟɧɢɹ ɝɨɪɧɵɯ 
ɩɨɪɨɞ ɫ ɦɟɬɚɛɨɪɚɬɨɦ ɥɢɬɢɹ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ ɞɚɧɧɵɦ 
ɫɨɪɛɟɧɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɪɇ 5. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɛɴɟɦ 
ɷɥɸɚɬɚ ɜɩɪɵɫɤɢɜɚɟɦɨɝɨ ɜ ɩɨɬɨɤ – 50 ɦɥ, ɩɪɢ ɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɢɫɤ ɤɨɪɪɨɡɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɨɱɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɦɟɬɨɞɢɤɢ ɩɨɞɬɜɟɪɠɞɟɧɚ ɚɧɚɥɢɡɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ. 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɛɨɬɚɟɬ ɛɵɫɬɪɟɟ, ɬɪɟɛɭɟɬ ɦɟɧɶɲɟ ɪɟɚɝɟɧɬɨɜ ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɧɢɡɤɢɟ ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɨɜ 












1.4 Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ ɫ ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɟ ɊɁɗ 
Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (ɂɋɉ-Ɇɋ) – ɷɬɨ 
ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɬɶ ɪɹɞ ɦɟɬɚɥɥɨɜ ɢ ɧɟɫɤɨɥɶɤɢɯ 
ɧɟɦɟɬɚɥɥɨɜ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨ 10−10 %. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɵ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɨɧɨɜ ɢ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɚ ɞɥɹ ɢɯ ɪɚɡɞɟɥɟɧɢɹ ɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ. 
ɂɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɚɹ ɩɥɚɡɦɚ (ɂɋɉ), ɝɞɟ ɩɥɚɡɦɚ – ɢɨɧɢɡɢɪɨɜɚɧɧɵɣ 
ɝɚɡ, ɫɨɞɟɪɠɚɳɢɣ ɛɨɥɶɲɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɦ. ɉɥɚɡɦɚ ɫɨɡɞɚɟɬɫɹ ɜ ɝɨɪɟɥɤɟ ɡɚ ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɪɚɛɨɱɢɦ 
ɝɚɡɨɦ (ɚɪɝɨɧɨɦ), ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ (ȼɑ) ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɨɬ 
ɢɧɞɭɤɬɨɪɚ, ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɤ ȼɑ-ɝɟɧɟɪɚɬɨɪɭ. Ƚɨɪɟɥɤɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ 
ɬɭɝɨɩɥɚɜɤɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɤɜɚɪɰɚ. ɑɟɪɟɡ ɨɞɢɧ ɢɡ ɝɚɡɨɜɵɯ ɲɬɭɰɟɪɨɜ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɤɨɪɩɭɫɨɦ ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɬɪɭɛɤɨɣ (ɢɧɠɟɤɬɨɪɨɦ) ɝɨɪɟɥɤɢ 
ɩɨɞɚɟɬɫɹ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɢɣ ɝɚɡ [22].  
ɂɨɧɵ ɢɡ ɩɥɚɡɦɵ ɩɨɩɚɞɚɸɬ ɜ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ, ɨɛɵɱɧɨ 
ɤɜɚɞɪɭɩɨɥɶɧɵɣ. ɂɨɧɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɬɧɨɲɟɧɢɹ ɦɚɫɫɵ ɤ ɡɚɪɹɞɭ, 
ɢ ɞɟɬɟɤɬɨɪ ɩɨɥɭɱɚɟɬ ɫɢɝɧɚɥ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɚɫɬɢɰ ɫ 
ɬɚɤɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɭɬёɦ 
ɝɪɚɞɭɢɪɨɜɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɦɟɧɬɧɵɯ ɫɬɚɧɞɚɪɬɨɜ. ɂɋɉ-Ɇɋ ɬɚɤɠɟ 
ɩɨɡɜɨɥɹɟɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ ɢɡɨɬɨɩɧɵɣ ɫɨɫɬɚɜ [23]. 
ȼ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɂɋɉ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɝɨɪɟɥɤɟ, ɤɨɬɨɪɚɹ  ɫɨɫɬɨɢɬ ɢɡ 
ɬɪɟɯ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ ɬɪɭɛɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɤɜɚɪɰɚ. Ʉɨɧɟɰ ɝɨɪɟɥɤɢ 
ɪɚɫɩɨɥɨɠɟɧ ɜɧɭɬɪɢ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɬɟɤɚɟɬ 
ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ɇɟɠɞɭ ɞɜɭɦɹ ɜɧɟɲɧɢɦɢ ɬɪɭɛɚɦɢ 
ɩɪɨɞɭɜɚɟɬɫɹ ɩɨɬɨɤ ɚɪɝɨɧɚ. Ⱦɥɹ ɩɨɹɜɥɟɧɢɹ ɜ ɩɨɬɨɤɟ ɝɚɡɚ ɫɜɨɛɨɞɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɩɪɨɩɭɫɤɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɢɫɤɪɚ. ɗɬɢ 
ɷɥɟɤɬɪɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɪɚɞɢɨɱɚɫɬɨɬɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɤɚɬɭɲɤɢ, 
ɭɫɤɨɪɹɸɬɫɹ ɬɨ ɜ ɨɞɧɨɦ, ɬɨ ɜ ɞɪɭɝɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɡɚɜɢɫɹɳɟɦ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ 
ɩɨɥɹ. ɍɫɤɨɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ ɫɬɚɥɤɢɜɚɸɬɫɹ ɫ ɚɬɨɦɚɦɢ ɚɪɝɨɧɚ. 
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Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɷɥɟɤɬɪɨɧ ɭɫɤɨɪɹɟɬɫɹ ɜ ɩɟɪɟɦɟɧɱɢɜɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 
ɉɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɱɢɫɥɨ ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ 
ɷɥɟɤɬɪɨɧɨɜ ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɪɟɤɨɦɛɢɧɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ ɫ ɢɨɧɚɦɢ ɚɪɝɨɧɚ 
(ɚɬɨɦɚɦɢ, ɨɬ ɤɨɬɨɪɵɯ ɭɠɟ ɨɬɨɪɜɚɥɫɹ ɷɥɟɤɬɪɨɧ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ 
ɫɪɟɞɚ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɫɬɨɹɳɚɹ ɢɡ ɚɬɨɦɨɜ ɚɪɝɨɧɚ ɫ ɞɨɜɨɥɶɧɨ ɧɟɛɨɥɶɲɢɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ ɚɪɝɨɧɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɡɦɵ 
ɞɨɜɨɥɶɧɨ ɜɟɥɢɤɚ ɢ ɞɨɫɬɢɝɚɟɬ 10000 K. 
ȼ ɤɜɚɞɪɭɩɨɥɶɧɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ ɪɚɡɞɟɥɟɧɢɟ ɦɚɫɫ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ 
ɨɛɪɚɡɨɜɚɧɢɸ ɢɨɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɞɚɪɚ ɥɢɛɨ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɣ 
ɢɨɧɢɡɚɰɢɢ ɢ ɪɚɡɞɟɥɹɸɬɫɹ ɜ ɫɢɫɬɟɦɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɱɟɬɵɪɟɯ ɧɟɦɚɝɧɢɬɧɵɯ 
ɫɬɟɪɠɧɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɫɨɛɫɬɜɟɧɧɨ ɦɚɫɫ-ɮɢɥɶɬɪ. Ɇɟɠɞɭ ɷɬɢɦɢ 
ɱɟɬɵɪɶɦɹ ɫɬɟɪɠɧɹɦɢ ɫɨɡɞɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɟɪɟɦɟɧɧɨɟ ɩɨɥɟ ɜɵɫɨɤɨɣ 
ɱɚɫɬɨɬɵ ɫ ɧɚɥɨɠɟɧɧɵɦ ɩɨɫɬɨɹɧɧɵɦ ɩɨɥɟɦ. Ʉɨɝɞɚ ɢɨɧɵ ɩɨɫɬɭɩɚɸɬ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɨɧɢ ɜɫɬɭɩɚɸɬ ɫ ɧɢɦ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɫɨɜɟɪɲɚɸɬ 
ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ, ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ 
ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ, ɬɚɤ ɱɬɨ ɥɟɝɤɢɟ ɢɨɧɵ ɩɨɤɢɞɚɸɬ ɨɛɥɚɫɬɶ ɦɚɫɫ-ɮɢɥɶɬɪɚ ɢ ɧɟ 
ɩɨɩɚɞɚɸɬ ɜ ɡɨɧɭ ɞɟɬɟɤɬɨɪɚ. Ɍɹɠɟɥɵɟ ɠɟ ɢɨɧɵ, ɭɞɟɪɠɢɜɚɟɦɵɟ ɩɨɥɟɦ ɜɵɫɨɤɨɣ 
ɱɚɫɬɨɬɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɜɵɬɚɥɤɢɜɚɸɳɟɝɨ ɩɨɥɹ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɬɟɪɠɧɹɦ, ɜɵɬɚɥɤɢɜɚɸɬɫɹ ɢɡ ɨɛɥɚɫɬɢ ɪɚɡɞɟɥɟɧɢɹ. Ɍɨɥɶɤɨ 
ɢɨɧɵ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɬɧɨɲɟɧɢɟɦ m/ɟ ɞɜɢɠɭɬɫɹ ɩɨ ɭɫɬɨɣɱɢɜɵɦ 
ɬɪɚɟɤɬɨɪɢɹɦ ɢ ɩɟɪɟɯɨɞɹɬ ɜ  ɞɟɬɟɤɬɨɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɢɨɧɨɜ 
ɪɚɡɧɵɯ ɦɚɫɫ. Ʉɜɚɞɪɭɩɨɥɶɧɵɟ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ 
ɛɵɫɬɪɵɟ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ. ȼɨɡɦɨɠɧɚ ɪɟɝɢɫɬɪɚɰɢɹ ɫɩɟɤɬɪɨɜ ɡɚ 
ɞɟɫɹɬɵɟ ɞɨɥɢ ɫɟɤɭɧɞɵ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɚɫɫɵ. 
Ʉɜɚɞɪɭɩɨɥɶɧɵɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ ɪɚɛɨɬɚɟɬ ɩɪɢ ɧɢɡɤɨɦ ɧɚɩɪɹɠɟɧɢɟ, ɟɦɭ 
ɞɨɫɬɚɬɨɱɧɨ ɜɫɟɝɨ 20 ȼ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜɨɡɦɨɠɧɵ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ ɜ 
ɢɫɬɨɱɧɢɤɟ ɢɨɧɨɜ, ɚ ɡɧɚɱɢɬ, ɞɨɫɬɭɩɧɵ ɫɩɨɫɨɛɵ ɯɢɦɢɱɟɫɤɨɣ ɢɨɧɢɡɚɰɢɢ. 
Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɜɟɳɟɫɬɜ ɞɚɜɧɨ ɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. ɇɚ ɞɚɧɧɵɣ 
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ɦɨɦɟɧɬ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ ɩɪɢɡɧɚɧɢɟ ɢ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ 
ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɚɛɫɨɥɸɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɦɚɫɫɵ, ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɛɨɥɶɲɨɣ 
ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶɸ ɫɩɟɤɬɪɨɜ. ɇɚɪɹɞɭ ɫ ɹɞɟɪɧɨɣ ɦɚɝɧɢɬɧɨ-ɪɟɡɨɧɚɧɫɧɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ (əɆɊ) ɢ ɢɧɮɪɚɤɪɚɫɧɨɣ (ɂɄ)-ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ. Ɋɚɡɧɵɟ ɢɨɧɵ, 
ɝɟɧɟɪɢɪɭɟɦɵɟ ɜ ɩɥɚɡɦɟ, ɪɚɡɞɟɥɹɸɬɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɬɧɨɲɟɧɢɹ m/ɟ, ɝɞɟ m –  ɦɚɫɫɚ, ɟ – ɡɚɪɹɞ ɢɨɧɚ, ɢ ɩɨɞɚɸɬɫɹ ɧɚ ɩɪɢɟɦɧɢɤ. ȼ 
ɢɬɨɝɟ ɩɨɥɭɱɚɸɬ ɦɚɫɫ-ɫɩɟɤɬɪ.  
ɉɨ ɜɟɥɢɱɢɧɟ m/ɟ ɨɩɪɟɞɟɥɹɸɬ ɦɚɫɫɭ ɢɨɧɚ, ɚ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɫɭɞɹɬ ɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɜɟɫɶɦɚ ɦɧɨɝɨɨɛɪɚɡɧɨ. Ɉɧɚ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɧɟ 
ɬɨɥɶɤɨ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɚɧɚɥɢɬɢɤɟ, ɧɨ ɬɚɤɠɟ ɢ ɜ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɜ 
ɛɢɨɥɨɝɢɢ, ɮɢɡɢɤɟ ɢ ɞɪɭɝɢɯ ɧɚɭɤɚɯ [24]. 
ȼ ɪɚɛɨɬɟ [25] ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ ɞɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɞɟɫɹɬɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (La, Ce, Pr, Nd, 
Sm, Eu, Tb, Dy, Ho ɢ Tm), ɜ ɚɥɸɦɢɧɚɬɟ ɝɚɞɨɥɢɧɢɹ (GdAlO3) ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ. 
ȼ ɪɚɛɨɬɟ [26] ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɊɁɗ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɫ ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɟɦ. ɉɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ  
ɫɨɫɬɚɜɥɹɸɬ ɨɬ 0,040 ɞɨ 0,251 ɩɝ/ɦɥ ɞɥɹ ɊɁɗ ɜ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɦɨɪɫɤɨɣ ɜɨɞɟ.  
ȼ ɪɚɛɨɬɟ [27] ɢɫɫɥɟɞɨɜɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɦɨɪɫɤɨɣ ɜɨɞɟ ɫ ɩɨɦɨɳɶɸ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɂɋɉ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɫ ɫɨɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɨɣ, ɫɨɞɟɪɠɚɳɟɣ 
ɩɨɥɢɚɦɢɧɨɩɨɥɢɤɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɧɵɟ ɝɪɭɩɩɵ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ 
ɢɡɜɥɟɱɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 6 ɦɢɧ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ 10 ɦɥ ɦɨɪɫɤɨɣ ɜɨɞɵ, 
ɩɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɞɥɹ ɊɁɗ ɫɨɫɬɚɜɢɥɢ ɨɬ 0,005 ɩɝ/ɦɥ ɞɨ 1,09 ɩɝ/ɦɥ. 
ɉɪɚɜɢɥɶɧɨɫɬɶ ɦɟɬɨɞɢɤɟ ɩɨɞɬɜɟɪɠɞɟɧɚ ɚɧɚɥɢɡɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɦɨɪɫɤɨɣ ɜɨɞɵ NASS-5.  
ȼ ɪɚɛɨɬɟ [28] ɢɡɭɱɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɭɥɶɬɪɨɤɨɥɢɱɟɫɬɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɜɵɫɨɤɨɫɨɥɟɜɵɯ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɫ ɝɢɞɪɨɤɫɢɞɨɦ ɠɟɥɟɡɚ(III) ɢ 
ɩɨɫɥɟɞɭɸɳɢɦ Ɇɋ-ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɟɦ. ɋɨɜɦɟɫɬɧɨɟ ɨɫɚɠɞɟɧɢɟ ɫ Fe(OH)3 
ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɨɬɞɟɥɹɬɶ ɊɁɗ ɨɬ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (K, Na, Ca 
ɢ Mg). Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɊɁɗ ɩɪɨɢɫɯɨɞɢɬ ɜ 15 ɪɚɡ, ɩɪɢ ɷɬɨɦ ɭɞɚɥɹɟɬɫɹ ɛɨɥɟɟ 
93 % ɦɚɬɪɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɨɧɥɚɣɧ-ɚɷɪɨɡɨɥɶɧɨɝɨ 
ɪɚɡɛɚɜɥɟɧɢɹ ɩɪɢɜɟɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɫɬɚɬɨɱɧɵɯ ɦɚɬɪɢɱɧɵɯ ɷɮɮɟɤɬɨɜ ɢ 
ɭɦɟɧɶɲɟɧɢɸ ɦɚɫɫ-ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɨɦɟɯ ɨɬ ɨɤɫɢɞɧɵɯ ɢɨɧɨɜ (ɬ.ɟ. Ba ɢ ɥɟɝɤɢɯ 
ɊɁɗ-ɨɤɫɢɞɨɜ) ɞɨ 10 ɪɚɡ. ɉɪɟɞɟɥɵ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɨɞɚ ɫɨɫɬɚɜɢɥɢ ɨɬ 0,05 ɧɝ 
ɞɥɹ Lu, ɞɨ 0,6 ɧɝ ɞɥɹ Nd. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɢɪɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɜɨɞɵ  
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɬɨɞ ɩɟɪɫɩɟɤɬɢɜɟɧ  ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɥɶɬɪɚɫɥɟɞɨɜɵɯ 






















2 Ɇɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
2.1 ɉɪɢɛɨɪɵ, ɪɟɚɤɬɢɜɵ, ɩɨɫɭɞɚ 
 
ɩɥɚɫɬɢɤɨɜɵɟ ɩɪɨɛɢɪɤɢ ɫ ɡɚɜɢɧɱɢɜɚɸɳɟɣɫɹ ɤɪɵɲɤɨɣ ɟɦɤɨɫɬɶɸ 15, 50 
ɦɥ; 
ɦɟɪɧɵɟ ɤɨɥɛɵ ɟɦɤɨɫɬɶɸ 100 ɦɥ; 
ɫɬɚɤɚɧɵ XC - 250 B, XC - 500 B; 
ɦɢɤɪɨɞɨɡɚɬɨɪɵ 100, 1000, 5000 ɦɤɥ; 
ɫɬɟɤɥɹɧɧɵɟ ɩɢɩɟɬɤɢ 1, 5, 10 ɦɥ; 
ɤɟɪɚɦɢɱɟɫɤɢɟ ɥɨɞɨɱɤɢ; 
ɜɨɞɚ ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɚɹ; 
ɞɟɡɢɧɮɢɰɢɪɭɸɳɚɹ ɫɭɛɫɬɚɧɰɢɹ ȻɂɈɉȺȽ-Ⱦ 
(ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧ ɝɢɞɪɨɯɥɨɪɢɞ); ɯ.ɱ;  
HNO3 ɤɨɧɰ., ɨɫ.ɱ; 
NaOH; ɱɞɚ; ȽɈɋɌ 4328-77; Ɋɟɚɯɢɦ; 
HCl; ɤɨɧɰ; ɨɫ.ɱ; 
La(NO3)3 6H2O; ɯ.ɱ; Ɍɍ 6-09-4676-78; ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɡɚɜɨɞ ɪɟɞɤɢɯ 
ɦɟɬɚɥɥɨɜ; 
Sm2O3 (99,9 %); ɦɚɪɤɚ «ɋɦɈ-Ʌ»; ɩ/ɹ Ɇ-5998; 
Gd2O3 (99,9 %); ɦɚɪɤɚ «ȽɞɈ-Ʌ»; ɩ/ɹ Ɇ-5998; 
Hɨ2O3 (99,9 %); ɦɚɪɤɚ «ȽɨɈ-Ʌ»; ɩ/ɹ Ɇ-5998; 
Er2O3 (99,9 %); ɦɚɪɤɚ «ɗɪɈ-ɂ»; ɢɡɝɨɬɨɜɢɬɟɥɶ: ɄȽɆɄ; 
Nd2O3 (99,9 %); ɦɚɪɤɚ «ɇɟɈ-ȿ»; ɩ/ɹ Ɇ-5998; 
ɚɪɫɟɧɚɡɨ III ɱɞɚ; Ɍɍ 6-094151-75; Ɋɟɚɯɢɦ; 
ɛɪɨɦɮɟɧɨɥɨɜɵɣ ɫɢɧɢɣ; ɱɞɚ; Ɍɍ 6-09-3719-83; 
ɫɢɥɢɤɚɝɟɥɶ ɫɢɥɨɯɪɨɦ ɋ-120; ɋɬɚɜɪɨɩɨɥɶɫɤɢɣ ɡɚɜɨɞ ɯɢɦɪɟɚɤɬɢɜɨɜ ɢ 
ɥɸɦɢɧɨɮɨɪɨɜ; 
ɝɢɞɪɨɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ NaHCO3, «ɱɞɚ»; 
 NH4Cl, «ɯ.ɱ.»; 
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ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ ICP-MS, XSeries II, 
Thermo Fisher, ɋɒȺ; 
ɢɨɧɨɦɟɪ SevenMulti; METTLER TOLEDO, ɒɜɟɰɚɪɢɹ; 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɟɫɵ XP 205 DR; METTLER TOLEDO, ɒɜɟɰɚɪɢɹ; 
ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɢɣ ɧɚɫɨɫ Masaterflex L/S, Cɨle-Parmer Instrument 
Company, ɋɒȺ; 
ɫɭɲɢɥɶɧɵɣ ɲɤɚɮ SNOL 58/350; ɗɫɬɨɧɢɹ; 
ɦɭɮɟɥɶɧɚɹ ɩɟɱɶ ɋɇɈɅ 6/10-ȼ (ɈɈɈ "ɌȿɏɇɈɌȿɊɆ", ɝ. ɂɫɬɪɚ, 
Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ); 
 ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɞɜɭɯɤɚɦɟɪɧɚɹ ɩɟɱɶ ɉȾɉ-Lab, Ɍɨɦɶɚɧɚɥɢɬ; Ɋɨɫɫɢɹ; 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪ Lambda 35, Perkin Elmer, ɋɒȺ. 
 
2.2 Ɇɟɬɨɞɢɤɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
 
ɂɫɯɨɞɧɵɣ ɪɚɫɬɜɨɪ La(III) ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1000 ɦɝ/ɦɥ ɝɨɬɨɜɢɥɢ 
ɪɚɫɬɜɨɪɟɧɢɟɦ ɬɨɱɧɨɣ ɧɚɜɟɫɤɢ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ La(NO3)·6H2O 
ɤɜɚɥɢɮɢɤɚɰɢɢ «ɯ.ɱ.» ɜ 0,1 Ɇ HNO3. 
ɂɫɯɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ Nd(III), Sm(III), Gd(III), 
Ho(III) ɢ Er(III) (25 ɦɝ/ɦɥ) ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɟɧɢɟɦ ɬɨɱɧɨɣ ɧɚɜɟɫɤɢ ɨɤɫɢɞɨɜ 
ɦɟɬɚɥɥɨɜ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɟ. 
Ɋɚɫɬɜɨɪɵ ɫ ɦɟɧɶɲɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɦɟɬɚɥɥɨɜ ɝɨɬɨɜɢɥɢ 
ɪɚɡɛɚɜɥɟɧɢɟɦ ɢɫɯɨɞɧɵɯ ɪɚɫɬɜɨɪɨɦ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ. 
Ɋɚɫɬɜɨɪ ɪɟɚɝɟɧɬɚ 2,7-ɛɢɫ-[(2-ɚɪɫɨɧɨɮɟɧɢɥ)ɚɡɨ]-1,8-ɞɢɝɢɞɪɨɤɫɢ-3,6-
ɧɚɮɬɚɥɢɧɞɢɫɭɥɶɮɨɤɢɫɥɨɬɵ (ɚɪɫɟɧɚɡɨ III) ɜ ɜɢɞɟ ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ ɝɨɬɨɜɢɥɢ 
ɪɚɫɬɜɨɪɟɧɢɟɦ ɬɨɱɧɨɣ ɧɚɜɟɫɤɢ ɜ ɞɟɢɨɧɢɡɨɜɚɧɧɨɣ ɜɨɞɟ. Ɋɚɫɬɜɨɪɵ 
ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧ ɯɥɨɪɢɞɚ (ɉȽɆȽ) ɝɨɬɨɜɢɥɢ ɪɚɫɬɜɨɪɟɧɢɟɦ ɧɚɜɟɫɨɤ 
ɜ ɞɟɢɨɧɢɡɨɜɚɧɧɨɣ ɜɨɞɟ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɤɢɫɥɨɬɵ («ɨɫ.ɱ.»): 
ɯɥɨɪɨɜɨɞɨɪɨɞɧɭɸ, ɚɡɨɬɧɭɸ. Ɋɚɫɬɜɨɪɵ ɤɢɫɥɨɬ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
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ɝɨɬɨɜɢɥɢ ɪɚɡɛɚɜɥɟɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɢɫɥɨɬ ɞɟɢɨɧɢɡɨɜɚɧɧɨɣ ɜɨɞɨɣ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɪɇ ɪɚɫɬɜɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɨɞɧɵɣ 
ɪɚɫɬɜɨɪ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ, ɚɦɦɢɚɱɧɵɣ ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɵɣ ɛɭɮɟɪɧɵɟ 
ɪɚɫɬɜɨɪɵ. 
 
2.3. Ɇɟɬɨɞɢɤɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɚɪɫɟɧɚɡɨ III ɤɪɟɦɧɟɡɟɦɨɦ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɉȽɆȽ 
 
Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɚɪɫɟɧɚɡɨ III ɤɪɟɦɧɟɡɟɦɨɦ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɉȽɆȽ, ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɫɨɪɛɰɢɢ ɩɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɚɪɫɟɧɚɡɨ III ɦɟɠɞɭ ɜɨɞɧɨɣ ɮɚɡɨɣ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɨɪɛɟɧɬɚ.  
ȼ ɪɹɞ ɦɟɪɧɵɯ ɩɪɨɛɢɪɨɤ ɟɦɤɨɫɬɶɸ 15 ɦɥ ɜɜɨɞɢɥɢ ɪɚɫɬɜɨɪ ɚɪɫɟɧɚɡɨ III, 
ɞɨɛɚɜɥɹɥɢ ɤɨɧɰ. HCl ɢɥɢ NaOH ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɤɢɫɥɨɬɧɨɫɬɢ, 
ɞɨɛɚɜɥɹɥɢ ɜɨɞɭ ɞɨ ɨɛɳɟɝɨ ɨɛɴɟɦɚ 10 ɦɥ, ɜɧɨɫɢɥɢ 0,1 ɝ ɫɨɪɛɟɧɬɚ ɢ 
ɜɫɬɪɹɯɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1–60 ɦɢɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 
ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɚɧɚɥɢɡɭ ɜɨɞɧɨɣ ɮɚɡɵ ɞɨ ɢ 
ɩɨɫɥɟ ɫɨɪɛɰɢɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. 
Ⱥɥɢɤɜɨɬɭ ɪɚɫɬɜɨɪɚ ɚɪɫɟɧɚɡɨ III ɞɨ ɢ ɩɨɫɥɟ ɫɨɪɛɰɢɢ ɩɨɦɟɳɚɥɢ ɜ 
ɤɜɚɪɰɟɜɭɸ ɤɸɜɟɬɭ (l = 10 ɦɦ) ɢ ɨɩɪɟɞɟɥɹɥɢ ɟɝɨ ɨɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ ɩɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɵɦ ɩɨɥɨɫɚɦ ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ, ɦɚɤɫɢɦɭɦ 
ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɭ ɚɪɫɟɧɚɡɨ III 540 ɧɦ. 
 
2.4 Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɤɪɟɦɧɟɡɟɦɚ, ɧɟɤɨɜɚɥɟɧɬɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ ɢ ɚɪɫɟɧɚɡɨ III 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɪɛɟɧɬɚ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɪɟɦɧɟɡɟɦ 
ɦɚɪɤɢ ɋɢɥɨɯɪɨɦ ɋ-120. ɉɨɜɟɪɯɧɨɫɬɶ ɤɪɟɦɧɟɡɟɦɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɚɤɬɢɜɢɪɨɜɚɥɢ ɪɚɫɬɜɨɪɨɦ NaOH (ɪɇ 9) ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɫɬɟɤɥɹɧɧɨɦ 
ɫɬɚɤɚɧɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ, ɩɪɨɦɵɜɚɥɢ ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɪɇ 6–7. 
Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɣ ɤɪɟɦɧɟɡɟɦ (10 ɝ) ɦɨɞɢɮɢɰɢɪɨɜɚɥɢ 0,1 %-ɧɵɦ ɪɚɫɬɜɨɪɨɦ 
32 
 
ɉȽɆȽ, ɞɨɛɚɜɥɹɹ 50 ɦɥ ɪɚɫɬɜɨɪɚ ɩɪɢ ɩɨɦɨɳɢ ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ ɫɨ 
ɫɤɨɪɨɫɬɶɸ 2 ɦɥ/ɦɢɧ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 
ɫɨɪɛɟɧɬ ɩɪɨɦɵɜɚɥɢ ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ 
ɩɪɨɦɵɜɧɵɯ ɜɨɞ ɫ ɛɪɨɦɮɟɧɨɥɨɜɵɦ ɫɢɧɢɦ. ɉɨɥɭɱɟɧɧɵɣ ɫɨɪɛɟɧɬ (SiO2-ɉȽɆȽ) 
ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 40  ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ. Ʉ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɫɨɪɛɟɧɬɭ ɫ ɩɨɦɨɳɶɸ ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ 
ɞɨɛɚɜɢɥɢ 100 ɦɥ 0,1 %-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɪɫɟɧɚɡɨ III, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 
ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ɉɨɥɭɱɟɧɧɵɣ ɫɨɪɛɟɧɬ (SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III) ɩɪɨɦɵɜɚɥɢ 
ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡɛɵɬɤɚ ɪɟɚɝɟɧɬɚ. ɋɨɪɛɟɧɬ 
ɜɵɫɭɲɢɜɚɥɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ 24 ɱ. 




Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɫɨɪɛɟɧɬɚ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɟɡɟɦɚ, ɧɟɤɨɜɚɥɟɧɬɧɨ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ ɢ ɚɪɫɟɧɚɡɨ III 
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2.5 Ɇɟɬɨɞɢɤɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢ ɞɟɫɨɪɛɰɢɢ ɊɁɗ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɟɦɧɟɡɟɦɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɪɫɟɧɚɡɨ III 
 
ɋɬɟɤɥɹɧɧɵɟ ɤɨɥɨɧɤɢ ɞɢɚɦɟɬɪɨɦ 0,3 ɫɦ ɡɚɩɨɥɧɹɥɢ ɫɨɪɛɟɧɬɨɦ ɦɚɫɫɨɣ 
0,1 ɝ. Ⱦɥɹ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɨɪɛɟɧɬɚ ɱɟɪɟɡ ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-
ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, ɩɪɨɩɭɫɤɚɥɢ 10 ɦɥ ɫɥɚɛɨɤɢɫɥɨɝɨ ɪɚɫɬɜɨɪɚ, ɧɟ 
ɫɨɞɟɪɠɚɳɟɝɨ ɢɨɧɵ ɦɟɬɚɥɥɨɜ, ɫɨ ɫɤɨɪɨɫɬɶɸ 1–10 ɦɥ/ɦɢɧ ɩɪɢ ɩɨɦɨɳɢ 
ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ. Ɂɚɬɟɦ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɩɪɨɩɭɫɤɚɥɢ 10–100 ɦɥ 
ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɢɨɧɵ ɊɁɗ, ɩɪɢ pH 4–7 ɫ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɶɸ, ɱɬɨ ɢ ɩɪɢ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɢ.  
Ⱦɟɫɨɪɛɰɢɸ ɊɁɗ ɩɪɨɜɨɞɢɥɢ 0,1–2 Ɇ ɪɚɫɬɜɨɪɚɦɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ 
(HCl, HNO3) ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ 5–10 ɦɥ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɫɨ ɫɤɨɪɨɫɬɶɸ 
1 ɦɥ/ɦɢɧ.  
Ʉɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɚɥɥɨɜ ɜ ɪɚɫɬɜɨɪɟ ɞɨ ɢ ɩɨɫɥɟ ɫɨɪɛɰɢɢ ɨɩɪɟɞɟɥɹɥɢ ɫ 
ɩɨɦɨɳɶɸ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɢɧɞɭɤɬɢɜɧɨ-ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ Ɇɋ-ɂɋɉ 
XSeries II (Thermo Fisher, ɋɒȺ). ɍɫɥɨɜɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 1. 
 
Ɍɚɛɥɢɰɚ 1 – ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ Ɇɋ-ɂɋɉ XSeries II ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɫɨɞɟɪɠɚɧɢɹ ɦɟɬɚɥɥɨɜ ɜ ɪɚɫɬɜɨɪɚɯ 
ɉɚɪɚɦɟɬɪɵ Ɂɧɚɱɟɧɢɹ 
Ɇɨɳɧɨɫɬɶ ɩɥɚɡɦɵ 1400 ȼɬ 
Ɋɚɫɩɵɥɢɬɟɥɶɧɵɣ ɩɨɬɨɤ ɚɪɝɨɧɚ 13 ɥ/ɦɢɧ 
ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɩɨɬɨɤ ɚɪɝɨɧɚ 0,6 ɥ/ɦɢɧ 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ ɩɨɬɨɤɚ 0,82 ɥ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɩɪɨɤɚɱɢɜɚɧɢɹ ɧɚɫɨɫɚ  33 ɨɛ/ɦɢɧ 
ɑɢɫɥɨ ɟɞɢɧɢɱɧɵɯ ɢɡɦɟɪɟɧɢɣ 30 
ȼɪɟɦɹ ɭɫɩɨɤɨɟɧɢɹ ɧɚɫɨɫɚ 6 ɫ 




ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚ Ɇɚɫɫɨɜɨɟ ɱɢɫɥɨ 
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2.6 ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɥɢɝɧɢɬɚ 
 
ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɥɢɝɧɢɬɚ ɫɨɫɬɨɹɥɚ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ. 
Ɉɡɨɥɟɧɢɟ. Ɏɚɪɮɨɪɨɜɵɟ ɥɨɞɨɱɤɢ ɩɪɨɤɚɥɢɜɚɥɢ ɜ ɦɭɮɟɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 560 ɋ ɢ ɞɨɜɨɞɢɥɢ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ. Ʌɨɞɨɱɤɢ ɫ ɬɨɱɧɵɦɢ 
ɧɚɜɟɫɤɚɦɢ ɥɢɝɧɢɬɚ (0,1000–0,2000 ɝ) ɩɨɦɟɳɚɥɢ ɜ ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ ɢ 
ɩɨɜɵɲɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɬɟɱɟɧɢɟ 1,5 ɱ ɞɨ 560 ɋ, ɚ ɡɚɬɟɦ ɜɵɞɟɪɠɢɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ 2 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 560 ɋ ɜ ɩɟɱɢ ɫ ɩɪɢɨɬɤɪɵɬɨɣ ɞɜɟɪɶɸ. 
Ɋɚɡɥɨɠɟɧɢɟ ɡɨɥɶɧɨɝɨ ɨɫɬɚɬɤɚ. Ɉɡɨɥɟɧɧɵɣ ɥɢɝɧɢɬ ɩɟɪɟɧɨɫɢɥɢ ɜ 
ɫɬɟɤɥɨɭɝɥɟɪɨɞɧɵɟ ɫɬɚɤɚɧɵ ɢ ɩɪɢɥɢɜɚɥɢ 10 ɦɥ ɤɨɧɰ. ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɢ 5 ɦɥ 
ɤɨɧɰ. ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ. Ɂɚɤɪɵɜɚɥɢ ɱɚɫɨɜɵɦ ɫɬɟɤɥɨɦ, ɢ ɭɩɚɪɢɜɚɥɢ ɞɨ 
ɫɢɪɨɩɨɨɛɪɚɡɧɨɝɨ ɨɫɬɚɬɤɚ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɢɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 120–
130 ɋ. 
ɉɨɫɥɟ ɪɚɡɥɨɠɟɧɢɹ ɪɚɫɬɜɨɪ ɩɟɪɟɧɨɫɢɥɢ ɜ ɫɬɟɤɥɹɧɧɭɸ ɤɨɥɛɭ ɨɛɴɟɦɨɦ 









3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 
 
3.1 ɍɫɥɨɜɢɹ ɡɚɤɪɟɩɥɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɧɚ ɚɦɢɧɢɪɨɜɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɟɡɟɦɚ 
 
ɂɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ pH ɪɚɫɬɜɨɪɨɜ, ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɮɚɡ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɪɫɟɧɚɡɨ III ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 
ɡɚɤɪɟɩɥɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɧɚ ɤɪɟɦɧɟɡɟɦɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɉȽɆȽ.  
 
3.1.1 ȼɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɮɚɡ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ 
ɚɪɫɟɧɚɡɨ III SiO2-ɉȽɆȽ 
 
ȼ ɦɟɪɧɵɟ ɩɥɚɫɬɢɤɨɜɵɟ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ 0,1 ɝ ɤɪɟɦɧɟɡɟɦɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ, ɩɪɢɥɢɜɚɥɢ 10 ɦɥ ɪɚɫɬɜɨɪɚ ɚɪɫɟɧɚɡɨ III (pH 4) ɢ 
ɜɫɬɪɹɯɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 1–30 ɦɢɧ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3 ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 
ɚɪɫɟɧɚɡɨ III ɧɟ ɩɪɟɜɵɲɚɟɬ 5 ɦɢɧ. 
 
 
Ɋɢɫɭɧɨɤ 3 – ȼɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɮɚɡ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ 
III ɚɦɢɧɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɪɟɦɧɟɡɟɦɚ  
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36 
 
3.1.2 ȼɥɢɹɧɢɟ ɪɇ ɪɚɫɬɜɨɪɨɜ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ III 
SiO2-ɉȽɆȽ 
 
ȼ ɦɟɪɧɵɟ ɩɥɚɫɬɢɤɨɜɵɟ ɩɪɨɛɢɪɤɢ ɜɧɨɫɢɥɢ 0,1 ɝ ɤɪɟɦɧɟɡɟɦɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ, ɩɪɢɥɢɜɚɥɢ 10 ɦɥ ɪɚɫɬɜɨɪɚ ɚɪɫɟɧɚɡɨ III ɩɪɢ pH 2–
7,5 ɢ ɜɫɬɪɹɯɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ (99 %) ɚɪɫɟɧɚɡɨ III SiO2-ɉȽɆȽ 
ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɪɇ 3–7 (ɪɢɫ. 4). ɉɪɢ ɪɇ < 3 ɢ ɪɇ > 7 ɩɪɨɢɫɯɨɞɢɬ 




Ɋɢɫɭɧɨɤ 4 – ȼɥɢɹɧɢɟ pH ɪɚɫɬɜɨɪɨɜ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ III 
ɚɦɢɧɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɪɟɦɧɟɡɟɦɨɜ  
ɋɉȽɆȽ = 1 ɝ/ɥ; ɋɚɪɫɟɧɚɡɨ III = 5·10-5 Ɇ; mc = 0,1 ɝ; t = 10 ɦɢɧ 
 
ɋɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɩɪɢ pH < 3, ɜɟɪɨɹɬɧɨ, 
ɫɜɹɡɚɧɨ ɫ ɩɪɨɬɨɧɢɪɨɜɚɧɢɟɦ ɫɭɥɶɮɨɝɪɭɩɩ ɪɟɚɝɟɧɬɚ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ ɟɝɨ 
ɡɚɤɪɟɩɥɟɧɢɹ ɡɚ ɫɱɟɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɦɢɧɢɪɨɜɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɉȽɆȽ. ɉɪɢ pH > 7 ɫɭɥɶɮɨ- ɢ ɚɪɫɟɧɨɝɪɭɩɩɵ ɩɨɥɧɨɫɬɶɸ 
ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɵ, ɱɬɨ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ 

















ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ, ɱɬɨ, ɜɟɪɨɹɬɧɟɟ, ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɨɧɧɨɣ ɫɢɥɵ 
ɪɚɫɬɜɨɪɚ, ɡɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ NaOH.  
 
3.1.3 ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɪɫɟɧɚɡɨ III ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ 
SiO2-ɉȽɆȽ 
 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ SiO2-ɉȽɆȽ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɚɪɫɟɧɚɡɨ III ɫɬɪɨɢɥɢ ɢɡɨɬɟɪɦɭ ɫɨɪɛɰɢɢ (ɪɢɫ. 5). ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɪɹɞ ɦɟɪɧɵɯ 
ɩɪɨɛɢɪɨɤ ɜɧɨɫɢɥɢ 0,1 ɝ ɤɪɟɦɧɟɡɟɦɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ, ɩɪɢɥɢɜɚɥɢ 
10 ɦɥ ɪɚɫɬɜɨɪɚ ɚɪɫɟɧɚɡɨ III ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 0,1–80 ɦɦɨɥɶ/ɥ ɩɪɢ pH 4 ɢ 




Ɋɢɫɭɧɨɤ 5 – ɂɡɨɬɟɪɦɚ ɫɨɪɛɰɢɢ ɚɪɫɟɧɚɡɨ III ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɟɡɟɦɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɉȽɆȽ 
ɋɉȽɆȽ = 1 ɝ/ɥ; mc = 0,1 ɝ; t = 10 ɦɢɧ; pH 4 
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɨɝɨ ɪɢɫɭɧɤɚ ɩɨɥɭɱɟɧɧɚɹ ɢɡɨɬɟɪɦɚ ɨɬɧɨɫɢɬɫɹ ɤ L-
ɬɢɩɭ, ɚ ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ SiO2-ɉȽɆȽ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɪɫɟɧɚɡɨ III 
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ɋ(ɚɪɫɟɧɚɡɨ III)ɪɚɜɧ, ɦɤɦɨɥɶ/ɥ 
38 
 
ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢɡɜɥɟɱɟɧɢɹ ɚɪɫɟɧɚɡɨ III 
SiO2-ɉȽɆȽ ɩɪɨɜɨɞɢɥɢ ɫɢɧɬɟɡ ɤɪɟɦɧɟɡɟɦɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ ɢ ɚɪɫɟɧɚɡɨ III, ɩɨ ɦɟɬɨɞɢɤɟ ɭɤɚɡɚɧɧɨɣ ɜ 
ɪɚɡɞɟɥɟ 2.4. 
 
3.2 ɍɫɥɨɜɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɪɛɰɢɨɧɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢ 
ɞɟɫɨɪɛɰɢɢ ɥɚɧɬɚɧɚ(III) ɫ ɩɨɜɟɪɯɧɨɫɬɢ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 
 
Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɫɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɚɬɶ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ 
ɪɟɠɢɦɨɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ – 
ɫɨɪɛɟɧɬ ɜ ɤɨɥɨɧɤɟ ɧɟɩɨɞɜɢɠɟɧ ɢ ɪɚɫɬɜɨɪ ɤɨɧɬɚɤɬɢɪɭɟɬ ɧɟ ɫɨ ɜɫɟɣ ɦɚɫɫɨɣ 
ɫɨɪɛɟɧɬɚ ɫɪɚɡɭ, ɚ ɩɨɫɬɟɩɟɧɧɨ ɫ ɤɚɠɞɵɦ ɫɥɨɟɦ. 
ȼ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɧɟ 
ɬɨɥɶɤɨ pH ɢɫɫɥɟɞɭɟɦɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɢɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɚ, ɧɨ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɩɭɫɤɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ 
ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ ɫɨɪɛɟɧɬɨɦ. 
ɉɨɫɤɨɥɶɤɭ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɥɚɧɬɚɧɨɢɞɨɜ ɩɨɯɨɠɢ, ɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɜɥɢɹɧɢɹ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ, ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ 
ɢɫɫɥɟɞɨɜɚɥɢ ɬɨɥɶɤɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɚɧɬɚɧɭ(III). 
 
3.2.1 ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ, ɱɟɪɟɡ ɤɨɥɨɧɤɭ, 
ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ- ɚɪɫɟɧɚɡɨ III ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ La(III) 
 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ 
ɤɨɥɨɧɤɭ ɡɚɩɨɥɧɟɧɧɭɸ ɫɨɪɛɟɧɬɨɦ, ɫ ɩɨɦɨɳɶɸ ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ, 
ɩɪɨɤɚɱɢɜɚɥɢ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɥɚɧɬɚɧ ɫɨ ɫɤɨɪɨɫɬɶɸ ɨɬ 1 ɞɨ 3 ɦɥ/ɦɢɧ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 6 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ 
ɱɟɪɟɡ ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, ɛɨɥɟɟ 2 ɦɥ/ɦɢɧ ɫɬɟɩɟɧɶ 
39 
 





Ɋɢɫɭɧɨɤ 6 – ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɤɨɥɨɧɤɭ, 
ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, ɧɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɥɚɧɬɚɧɚ(III)  
CLa = 3 ɦɤɝ/ɦɥ; mc = 0,1 ɝ; ɪɇ 6 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ, 
ɫɨɞɟɪɠɚɳɟɝɨ La(III), ɱɟɪɟɡ ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, 
ɫɨɫɬɚɜɥɹɟɬ 2 ɦɥ/ɦɢɧ. 
 
3.2.2 ȼɥɢɹɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɪɚɫɬɜɨɪɚ, ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ 
La(III) ɫɨɪɛɟɧɬɨɦ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 
 
ɂɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [1] ɢɡɜɟɫɬɧɨ, ɱɬɨ La(III) ɨɛɪɚɡɭɟɬ 
ɨɤɪɚɲɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɚɪɫɟɧɚɡɨ III ɩɪɢ pH 3. ɉɨɷɬɨɦɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ pH ɪɚɫɬɜɨɪɨɜ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ La(III) SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 















υ=1 ɦɥ/ɦɢɧ υ=2 ɦɥ/ɦɢɧ υ=3 ɦɥ/ɦɢɧ 
40 
 
ɑɟɪɟɡ ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, ɩɪɨɤɚɱɢɜɚɥɢ 
10 ɦɥ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ La(III), ɫɨ ɫɤɨɪɨɫɬɶɸ 2 ɦɥ/ɦɢɧ ɢ pH ɪɚɫɬɜɨɪɚ 2, 
4, 6.  
ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2, ɜɢɞɧɨ, ɱɬɨ ɭɠɟ ɩɪɢ pH 4, 
ɧɚɛɥɸɞɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɢɡɜɥɟɱɟɧɢɟ (99 %) La(III) ɤɪɟɦɧɟɡɟɦɨɦ, 
ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɉȽɆȽ ɢ ɚɪɫɟɧɚɡɨ III. 
 
Ɍɚɛɥɢɰɚ 2 – ȼɥɢɹɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɥɚɧɬɚɧɚ(III)  
C(La) = 0,05 ɦɤɝ/ɦɥ; mc = 0,1 ɝ; υ = 2 ɦɥ/ɦɢɧ 





3.2.3 ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ, ɧɚ ɫɬɟɩɟɧɶ 
ɞɟɫɨɪɛɰɢɢ La(III) ɫ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 
 
Ɉɩɪɟɞɟɥɟɧɢɢ ɊɁɗ ɜ ɪɟɚɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɫɥɟ ɫɨɪɛɰɢɨɧɧɨɝɨ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɫ ɂɋɉ ɦɟɬɨɞɨɦ, 
ɩɨɷɬɨɦɭ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɞɟɫɨɪɛɰɢɹ ɢɨɧɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɪɛɟɧɬɚ.  
ɋ ɰɟɥɶɸ ɜɵɛɨɪɚ ɞɟɫɨɪɛɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɟɪɟɡ 
ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɫ ɫɨɪɛɢɪɨɜɚɧɧɵɦ La(III), 
ɩɪɨɩɭɫɤɚɥɢ 10 ɦɥ ɪɚɫɬɜɨɪɚ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɤɢɫɥɨɬɵ (HNO3 ɢɥɢ HCl) ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 0,5–2 Ɇ ɫɨ ɫɤɨɪɨɫɬɶɸ 1 ɦɥ/ɦɢɧ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 3 La(III) ɤɨɥɢɱɟɫɬɜɟɧɧɨ (99 %) ɞɟɫɨɪɛɢɪɭɟɬɫɹ ɫ 






Ɍɚɛɥɢɰɚ 3 – ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ HCl ɢ HNO3 ɧɚ ɫɬɟɩɟɧɶ ɞɟɫɨɪɛɰɢɢ 
ɥɚɧɬɚɧɚ(III)  
mc = 0,1 ɝ; Vɷɥɸɟɧɬɚ = 10 ɦɥ; υ = 1 ɦɥ/ɦɢɧ  
ɋ, ɦɨɥɶ/ɥ Rɞɟɫɨɪɛ(La), % 
0,5M HNO3 85,7 
1 M HNO3 99,9 
2 M HNO3 99,9 
0,5 M HCl 83,8 
1 M HCl 99,9 
2 M HCl 99,9 
 
Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɞɟɫɨɪɛɰɢɹ ɥɚɧɬɚɧɚ(III) ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ ɪɚɫɬɜɨɪɚɯ ɪɚɡɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬ 1–2 Ɇ 
ɫɭɥɶɮɨɝɪɭɩɩɵ ɚɪɫɟɧɚɡɨ III ɫɬɚɧɨɜɹɬɫɹ ɩɪɨɬɨɧɢɪɨɜɚɧɧɵɦɢ ɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɪɛɟɧɬɚ ɞɟɫɨɪɛɢɪɭɟɬɫɹ ɤɨɦɩɥɟɤɫ La(III) ɫ ɚɪɫɟɧɚɡɨ III. 
 
3.3 Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ La(III) 
 
Ɉɩɪɟɞɟɥɹɥɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɟɦɤɨɫɬɶ (Ⱦȿ) SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ La(III) (ɪɢɫ.7). ɋ ɷɬɨɣ ɰɟɥɶɸ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɡɚɩɨɥɧɟɧɧɭɸ 
ɫɨɪɛɟɧɬɨɦ ɩɪɨɩɭɫɤɚɥɢ 40 ɦɥ ɪɚɫɬɜɨɪɚ La(III) ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 9,5 ɦɤɝ/ɦɥ ɫɨ 
ɫɤɨɪɨɫɬɶɸ 2 ɦɥ/ɦɢɧ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɨɬɛɢɪɚɥɢ ɪɚɫɬɜɨɪɵ ɩɨɫɥɟ ɫɨɪɛɰɢɢ ɨɛɴёɦɨɦ 
5 ɦɥ. 
ɋɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɥɚɧɬɚɧɭ(III) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɩɨɹɜɥɟɧɢɸ «ɩɪɨɫɤɨɤɚ» ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫ.7). Ⱦȿ ɩɨ 






Ɋɢɫɭɧɨɤ 7 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
La(III) 
ɋ(La) = 9,5 ɦɤɝ/ɦɥ; mc = 0,1 ɝ; υ = 2 ɦɥ/ɦɢɧ; ɪɇ 6 
 
ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ SiO2-ɉȽɆȽ ɩɨ ɚɪɫɟɧɚɡɨ III ɢ 
SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ ɥɚɧɬɚɧɭ(III) ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɫɨɫɬɚɜɟ 
ɤɨɦɩɥɟɤɫɚ Me:L ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ ɤɚɤ 1:1. Ʉɨɦɩɥɟɤɫɵ ɚɧɚɥɨɝɢɱɧɨɝɨ 
ɫɨɫɬɚɜɚ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɚɫɬɜɨɪɟ [1]. 
 
3.4 Ƚɪɭɩɩɨɜɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ SiO2-
ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 
 
ɉɪɨɜɨɞɢɥɢ ɝɪɭɩɩɨɜɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɊɁɗ (La(III); Nd(III); Sm(III); 
Gd(III); Ho(III); Er(III)) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɟɦɧɟɡɟɦɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 





















Ɋɢɫɭɧɨɤ 8 – ȼɥɢɹɧɢɹ ɨɛɴɟɦɚ ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ 
ɊɁɗ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III 
ɋ(Ɇɟ) = 3 ɦɤɝ/ɦɥ; mc = 0,1 ɝ; υ = 1 ɦɥ/ɦɢɧ; ɪɇ 6  
 
ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ La ɩɪɢ ɩɪɟɜɵɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ 
ɟɦɤɨɫɬɢ ɫɨɪɛɟɧɬɚ ɪɟɡɤɨ ɩɚɞɚɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ, ɷɬɨ ɫɜɹɡɚɧɧɨ ɫ ɬɟɦ, ɱɬɨ ɤɨɧɫɬɚɧɬɵ ɭɫɬɨɣɱɢɜɨɫɬɢ La ɢ 
ɚɪɫɟɧɚɡɨ III ɧɚɢɦɟɧɶɲɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ, ɚ ɞɥɹ Sm ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɛɨɥɶɲɟ, ɩɨɫɤɨɥɶɤɭ Sm ɨɛɪɚɡɭɟɬ ɫ 
ɚɪɫɟɧɚɡɨ III ɨɞɧɢ ɢɡ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɯ ɤɨɦɩɥɟɤɫɨɜ. 
 
3.5 ɋɨɪɛɰɢɨɧɧɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ ɫ ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɟ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɥɢɝɧɢɬɚɯ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ SiO2-ɉȽɆȽ-
ɚɪɫɟɧɚɡɨ III 
 
ɉɨɥɭɱɟɧɧɵɣ ɫɨɪɛɟɧɬ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɟɬɨɞɢɤɢ 
ɫɨɪɛɰɢɨɧɧɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫ ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɥɢɝɧɢɬɚɯ.  
Ʌɢɝɧɢɬɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɭɪɵɣ ɭɝɨɥɶ, ɫɨɞɟɪɠɚɳɢɣ ɨɛɢɥɶɧɵɟ 
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ɩɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɬ ɪɚɡɥɢɱɧɵɟ ɦɢɤɪɨɷɥɟɦɟɧɬɵ, ɜɤɥɸɱɚɹ Ge ɢ ɊɁɗ. Ʌɢɝɧɢɬ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɨɛɴɟɤɬ ɞɥɹ ɚɧɚɥɢɡɚ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɨɞɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɊɁɗ ɢ ɨɬɞɟɥɟɧɢɟ ɨɬ 
ɤɨɦɩɨɧɟɧɬɨɜ ɦɚɬɪɢɰɵ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ Ɇɋ-ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ.  
ȼɫɤɪɵɬɢɟ ɥɢɝɧɢɬɚ ɢ ɡɨɥɵ ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɡɞɟɥɟ 
2.6. ɉɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɥɢɝɧɢɬɚ ɢɥɢ ɡɨɥɵ ɨɛɴɟɦɨɦ 100 ɦɥ ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ 
ɤɨɥɨɧɤɭ, ɡɚɩɨɥɧɟɧɧɭɸ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III, ɫ ɩɨɦɨɳɶɸ 
ɩɟɪɢɫɬɚɥɶɬɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 2 ɦɥ/ɦɢɧ. ɋɨɪɛɢɪɨɜɚɧɧɵɟ ɊɁɗ 
ɷɥɸɢɪɨɜɚɥɢ 5 ɦɥ ɪɚɫɬɜɨɪɨɦ 1 Ɇ HNO3 ɫɨ ɫɤɨɪɨɫɬɶɸ 1 ɦɥ/ɦɢɧ.  
ɋɯɟɦɚ ɚɧɚɥɢɡɚ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟɦ 




Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɫɨɪɛɰɢɨɧɧɨ-Ɇɋ-ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɥɢɝɧɢɬɚɯ 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. ɉɪɚɜɢɥɶɧɨɫɬɶ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧɚ ɧɟɡɚɜɢɫɢɦɵɦ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ 






Ɍɚɛɥɢɰɚ – 4 Ɋɟɡɭɥɶɬɚɬɵ ɫɨɪɛɰɢɨɧɧɨ-Ɇɋ-ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɥɢɝɧɢɬɚɯ 
n = 3; P = 0,95; mc = 0,1 ɝ; ɭɫɥɨɜɢɹ ɫɨɪɛɰɢɢ: V(ɪ-ɪɚ) = 100 ɦɥ, ɪɇ 6, υ = 2 












La 569±9 577±8 16,1±0,9 15,4±0,9 
Nd 1411±20 1407±21 37±1 38±1 
Sm 303±4 301±4 8,0±0,9 8,1±0,8 
Gd 307±4 309±4 9,2±0,9 8,9±0,9 
Ho 41±2 40±1 1,2±0,3 1,4±0,2 
Er 129±3 129±3 4,1±0,3 4,3±0,3 
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɨɣ ɬɚɛɥɢɰɵ ɩɨɥɭɱɟɧɵ ɩɪɚɜɢɥɶɧɵɟ ɢ 
ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ. 
ȼ ɤɚɱɟɫɬɜɟ ɡɚɤɥɸɱɟɧɢɹ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɩɪɨɫɬɨɬɚ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ 
ɫɨɪɛɟɧɬɚ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɢɡ ɞɨɫɬɭɩɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɧɟ ɬɪɟɛɭɸɳɟɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɬɨɤɫɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɜɵɫɨɤɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɢ ɫɩɟɰɢɚɥɢɫɬɚ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɫɨɪɛɟɧɬ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɯ 
ɨɬɞɟɥɟɧɢɹ ɨɬ  ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɰɜɟɬɧɵɯ, ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ 
ɦɟɬɚɥɥɨɜ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ Ɇɋ-ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ. ɉɪɚɜɢɥɶɧɵɟ ɢ 
ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɩɨ ɫɨɪɛɰɢɨɧɧɨ-Ɇɋ-ɂɋɉ 













1. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɵ ɭɫɥɨɜɢɹ 
ɡɚɤɪɟɩɥɟɧɢɹ ɚɪɫɟɧɚɡɨ III ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɟɡɟɦɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɪɫɟɧɚɡɨ III ɤɨɥɢɱɟɫɬɜɟɧɧɨ (99 
%) ɢɡɜɥɟɤɚɟɬɫɹ ɚɦɢɧɢɪɨɜɚɧɧɵɦ ɤɪɟɦɧɟɡɟɦɨɦ ɩɪɢ ɪɇ  3–7 ɢ ɜɪɟɦɟɧɢ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ – 5 ɦɢɧ. ɋɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ SiO2-
ɉȽɆȽ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɪɫɟɧɚɡɨ III ɫɨɫɬɚɜɥɹɟɬ 10 ɦɤɦɨɥɶ/ɝ.  
2. Ɉɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ (99 %) ɢɡɜɥɟɱɟɧɢɹ ɊɁɗ 
ɤɪɟɦɧɟɡɟɦɨɦ, ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɚɪɫɟɧɚɡɨ III, ɜ 
ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. Ɉɩɬɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɫɬɜɨɪɚ, ɱɟɪɟɡ 
ɤɨɥɨɧɤɭ ɡɚɩɨɥɧɟɧɧɭɸ ɫɨɪɛɟɧɬɨɦ, ɫɨɫɬɚɜɥɹɟɬ 2 ɦɥ/ɦɢɧ, ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ La(III) ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɪɇ 4–6. ɊɁɗ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 
ɞɟɫɨɪɛɢɪɭɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ 1–2 Ɇ ɪɚɫɬɜɨɪɚɦɢ HNO3 ɢɥɢ HCl. 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ SiO2-ɉȽɆȽ-ɚɪɫɟɧɚɡɨ III ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ La(III) 
ɫɨɫɬɚɜɥɹɟɬ 10 ɦɤɦɨɥɶ/ɝ.  
3. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɫɨɪɛɰɢɨɧɧɨ-ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫ ɂɋɉ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɡɨɥɟ ɢ 
ɥɢɝɧɢɬɚɯ, ɜɤɥɸɱɚɸɳɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ 
ɊɁɗ ɢɡ ɪɚɫɬɜɨɪɨɜ ɩɨɫɥɟ ɜɫɤɪɵɬɢɹ ɥɢɝɧɢɬɨɜ ɫ ɪɇ 4–6 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɨɪɛɟɧɬɚ, ɞɟɫɨɪɛɰɢɹ ɊɁɗ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ 1–2 Ɇ 













ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 
1. ɋɚɜɜɢɧ, ɋ. Ȼ. Ɉɪɝɚɧɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ ɝɪɭɩɩɵ ɚɪɫɟɧɚɡɨ III : ɭɱɟɛɧɢɤ / 
ɋ. Ȼ. ɋɚɜɜɢɧ. – Ɇɨɫɤɜɚ : Ⱥɬɨɦɢɡɞɚɬ, 1971. – 350 ɫ.  
2. ɋɚɜɜɢɧ, ɋ. Ȼ. Ⱥɪɫɟɧɚɡɨ III : ɭɱɟɛɧɢɤ / ɋ. Ȼ. ɋɚɜɜɢɧ. – Ɇɨɫɤɜɚ : 
Ⱥɬɨɦɢɡɞɚɬ, 1966. – 256 ɫ.  
3. Ɋɹɛɱɢɤɨɜ, Ⱦ. ɂ. Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɯɢɦɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ 
ɢɬɬɪɢɹ : ɭɱɟɛɧɨɟ ɢɡɞɚɧɢɟ / Ⱦ. ɂ. Ɋɹɛɱɢɤɨɜ, ȼ. Ⱥ. Ɋɹɛɭɯɢɧ. – Ɇɨɫɤɜɚ : ɇɚɭɤɚ, 
1966. – 381 ɫ. 
4. Ʌɭɰɤɢɣ, Ⱦ. ɋ. ɉɪɢɦɟɧɟɧɢɟ ɪɟɚɝɟɧɬɨɜ ɝɪɭɩɩɵ ɚɪɫɟɧɚɡɨ ɩɪɢ 
ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɜɨɞɧɨ-ɫɨɥɟɜɵɯ ɫɢɫɬɟɦɚɯ / Ⱦ. ɋ. Ʌɭɰɤɢɣ, Ⱥ. Ɉ. Ɉɥɟɣɧɢɤ // ɋɨɜɪɟɦɟɧɧɵɟ 
ɢɧɧɨɜɚɰɢɢ. – 2016. – № 6. – ɋ. 8–12. 
5. ɂɜɚɧɨɜ, ȼ. Ɇ. Ɉɩɬɢɱɟɫɤɢɟ ɢ ɰɜɟɬɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɢɪɢɫɬɢɤɢ 
ɤɨɦɩɥɟɤɫɨɜ ɷɪɛɢɹ ɫ ɚɪɫɟɧɚɡɨ I, ɚɪɟɧɟɡɨ III ɢ ɯɥɨɪɮɨɫɮɨɧɚɡɨ III / ȼ. Ɇ. 
ɂɜɚɧɨɜ, ɇ. ȼ. ȿɪɦɚɤɨɜɚ // ȼɟɫɬɧɢɤ ɦɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2005. – Ɍ. 41, 
№ 3. – ɋ. 174–177. 
6. Ⱦɢɞɭɯ, ɋ. Ʌ. ɋɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɨɤɫɢɞɨɜ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɝɟɤɫɚɦɟɬɢɥɟɧɝɭɚɧɢɞɢɧɨɦ ɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɦɢ ɪɟɚɝɟɧɬɚɦɢ, ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɰɜɟɬɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ: ɚɜɬɨɪɟɮ. ɞɢɫ. ... ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ : 02.00.02/ 
Ⱦɢɞɭɯ ɋɜɟɬɥɚɧɚ Ʌɟɨɧɢɞɨɜɧɚ. – Ɍɨɦɫɤ, 2009. – 29 ɫ. 
7. Tikhomirova, T. I. Surface modification of zirconia by Arsenazo III / T. I. 
Tikhomirova, A. V. Ivanov // Mendeleev Communications. – 2016. – V. 26. – Ɋ. 
259–260. 
8. Ⱥɪɯɢɩɨɜɚ, Ⱥ. Ⱥ. ɋɨɪɛɟɧɬɵ, ɧɟɤɨɜɚɥɟɧɬɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ β-
ɞɢɤɟɬɨɧɚɦɢ, ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ: ɚɜɬɨɪɟɮ.  
ɞɢɫ. ... ɤɚɧɞ.  ɯɢɦ. ɧɚɭɤ : 02.00.02 / Ⱥɪɯɢɩɨɜɚ Ⱥɧɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ. – Ɇɨɫɤɜɚ, 
2015. – 22 ɫ. 
48 
 
9. Martín, C. F. Wet impregnation of a commercial low cost silica using 
DETA for a fast post-combustion CO2 capture process / C. F. Martín, M. B. 
Sweatman, S. Brandani, X. Fan // Applied Energy. – 2016. – V. 183. – P. 1705–
1721. 
10. Bernardes, A. A. Octadecyl-modified silicas obtained by non-hydrolytic 
condensation of a C18-hybrid silica sol on a silica surface / A. A. Bernardes, C. A. 
Emanuelli, P. Cofferri, A. M. Netto, S. L. Márcia, R. Brambilla, J. Santos // 
Journal of Non-Crystalline Solids. – 2017. – V. 18257. – Ɋ. 1–7. 
11. Thakur, A. K. Polyethylenimine-modified mesoporous silica adsorbent 
for simultaneous removal of Cd(II) and Ni(II) from aqueous solution / A. K. 
Thakur, G. M. Nisola, L. A. Limjuco, K. J. Parohinog, R. C. Torrejos, V. K. Shahi, 
W. Chung // Journal of Industrial and Engineering Chemistry. – 2017. – V. 17. – Ɋ. 
1–50. 
12. Zhang, L. Sulfoethyl functionalized silica nanoparticle as an adsorbent to 
selectively adsorb silver ions from aqueous solutions / L. Zhang, G. Zhang, S. 
Wang, J. Peng, W. Cui // Journal of the Taiwan Institute of Chemical Engineers. – 
2017. – V. 000. – P. 1–8. 
13. Ɍɟɪɟɳɟɧɤɨɜɚ, Ⱥ. Ⱥ. ɋɨɪɛɰɢɨɧɧɨɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɥɚɧɬɚɧɚ ɧɚ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɥɨɩɨɥɹɪɧɵɯ ɫɨɪɛɟɧɬɚɯ. / Ⱥ. Ⱥ. Ɍɟɪɟɳɟɧɤɨɜɚ, Ɇ. Ⱥ. 
ɋɬɚɬɤɭɫ, Ɍ. ɂ. Ɍɢɯɨɦɢɪɨɜɚ // ȼɟɫɬɧɢɤ ɦɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2013. – Ɍ. 
54, № 4. – ɋ. 203–209. 
14. Arkhipova, A. A. Sorbents with non-covalently immobilized β-diketones 
for preconcentration of rare earth elements / A. A. Arkhipova, G. I. Tsysin, M. A. 
Statkus, M. A. Bol'shov, I. F. Seregina, Y. A. Zolotov // Talanta. – 2016. – V. 161. 
– Ɋ. 497–502. 
15. Ʉɨɜɚɥɟɧɤɨ, Ɉ. ȼ. ɇɨɜɵɟ ɢɦɩɪɟɝɧɢɪɨɜɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɧɚ ɨɫɧɨɜɟ 
ɮɨɫɮɨɪɢɥɩɨɞɚɧɞɨɜ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ 99Mo ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ: ɚɜɬɨɪɟɮ. ɞɢɫ. ... ɤɚɧɞ.  ɯɢɦ. ɧɚɭɤ : 02.00.04 / Ʉɨɜɚɥɟɧɤɨ Ɉɥɶɝɚ 
ȼɚɫɢɥɶɟɜɧɚ. – Ɇɨɫɤɜɚ, 2017. – 26 ɫ. 
49 
 
16. Dodson, J. R. Bio-derived Materials as a Green Route for Precious & 
Critical Metal Recovery and Re-use / J. R. Dodson, H. L. Parker, A. M. García, A. 
Hicken, K. Asemave, T. J. Farmer, J. H. Clarka, A. J. Hunta // Green Chemistry. – 
2013. – V. 1. – Ɋ. 1–100. 
17. Buchmeiser, M. R. Quantification of Lanthanides in Rocks Using 
Succinic Acid-Derivatized Sorbents for On-Line SPE-RP-Ion-Pair HPLC / M. R. 
Buchmeiser, G. Seeber, R. Tessadri // Analytical Chemistry and Radiochemistry. – 
2005. – V. 72. – Ɋ. 2595–2602. 
18. Ɂɨɥɨɬɨɜ, ɘ. Ⱥ. Ɉɫɧɨɜɵ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ: Ɉɛɳɢɟ ɜɨɩɪɨɫɵ. 
Ɇɟɬɨɞɵ ɪɚɡɞɟɥɟɧɢɹ : ɭɱɟɛɧɨɟ ɢɡɞɚɧɢɟ / ɘ. Ⱥ. Ɂɨɥɨɬɨɜ. – Ɇɨɫɤɜɚ : ȼɵɫɲɚɹ 
ɲɤɨɥɚ, 2005. – Ɍ.1. – 361 ɫ. 
19. Losev, V. N. Silica sequentially modified with polyhexamethylene 
guanidine and Arsenazo I for preconcentration and ICP–OES determination of 
metals in natural waters / V. N. Losev, O. V. Buyko, A. K. Trofimchuk, O. N. Zuy 
// Microchemical Journal. – 2015. – V. 123. – Ɋ. 84–89. 
20. ɋɚɣɤɢɧɚ, Ɉ. ɘ. ɋɨɪɛɰɢɨɧɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 
ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɪɚɛɨɬɤɢ. / Ɉ. ɘ. ɋɚɣɤɢɧɚ, Ɉ. ȼ. ɘɪɚɫɨɜɚ. // ɏɢɦɢɱɟɫɤɢɟ 
ɧɚɭɤɢ. – 2016. – № 6. – ɋ. 21–28. 
21. Fedyunina, N. N. Determination of rare earth elements in rock samples 
by inductively coupled plasma mass-spectrometry after sorption preconcentration 
using Pol-DETATA sorbent / N. N. Fedyunina, K. B. Ossipov, I. F. Seregina, M. 
A. Bolshov, M. A. Statkus, G. I. Tsysina // Talanta. – 2012. – V. 102. – Ɋ. 128–
131. 
22. Ȼёɤɤɟɪ, ɘ. ɋɩɟɤɬɪɨɫɤɨɩɢɹ : ɭɱɟɛɧɨɟ ɢɡɞɚɧɢɟ / ɘ. Ȼёɤɤɟɪ. – Ɇɨɫɤɜɚ: 
Ɍɟɯɧɨɫɮɟɪɚ, 2009. – 522 ɫ.  
23. Ɉɬɬɨ, Ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ: ɭɱɟɛɧɢɤ / Ɇ. 
Ɉɬɬɨ. – Ɇɨɫɤɜɚ : Ɍɟɯɧɨɫɮɟɪɚ, 2005. – Ɍ.1. – 412 ɫ. 
24. Ɉɬɬɨ, Ɇ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ: ɭɱɟɛɧɢɤ / Ɇ. 
Ɉɬɬɨ. – Ɇɨɫɤɜɚ : Ɍɟɯɧɨɫɮɟɪɚ, 2006. – Ɍ.2. – 281 ɫ. 
50 
 
25. Abhijit, S. Determination of trace rare earth elements in gadolinium 
aluminate by inductively coupled plasma time of flight mass spectrometry /  
S. Abhijit, S. B. Deb, B. K. Nagar, M. K. Saxena // Spectrochimica Acta Part B. – 
2014. – V. 94-95. – Ɋ. 14–21. 
26. Hirata, S. Determination of rare earth elements in seawater by on-line 
column preconcentration inductively coupled plasma mass-spectrometry / S. 
Hirata, T. Kajiya, M. Aihara, K. Honda, O. Shikino // Talanta. – 2012. – V. 58. – 
Ɋ. 1185–1194. 
27. Zhu, Y. Determination of REEs in seawater by ICP-MS after on-line 
preconcentration using a syringe-driven chelating column / Y. Zhu, T. Umemura, 
H. Haraguchi, K. Inagaki, K. Chiba // Talanta. – 2009. – V. 78. – P. 891–895. 
28. Li, Y. Determination of ultra-trace rare earth elements in high-salt 
groundwater using aerosol dilution inductively coupled plasma-mass spectrometry 
(ICP-MS) after iron hydroxide co-precipitation / Y. Li, W. Guo, Z. Wu, L. Ji, Y. 
Ke, Q. Gu, S. Hu // Microchemical Journal. – 2016. – V. 126. – P. 194–199. 
 
  
 
 
 
  
 

